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PREFACE. 


There is perhaps so little room for a new text-book on the 
elements of inorganic chemistry, anil so little scope for any 
novel presentment of the subject, that it might well seem 
superfluous to arid to the number of those already in existence, 
and impossible, to do so except on well-worn lines. * 

1 lut although most teachers seem to be fairly well agreed 
as to the ground to be covered in an ordinary three years* 
course, we believe that in one very important respect most of 
the present text-books leave something to be desired, ami 
that is in the arrangement of the subject-matter, which, as 
a rule, does not correspond with all the requirements of the 
average student, with the lectures which lie attends, or with 
his progress in the study of cognate subjects. v 

A boy commencing to learn chemistry at school has already 
a, choice of many good text-books of a very elementary char- 
acter .suitable for his first year or matriculation course, but^ 
when he proceeds to a college or a university and begins his 
second year’s or in termed iarfT^JN^ although he has again 
» wide choice, he must generally procure a different and 
much larger text-book and start again at the beginning; 
some of tho new matter which he requires is scattered here 
and there in the earlier chapters dealing with the non-metals, 
most of it is contained in the clusters on the metals, but in 
both cases there is generally the further difficulty that^lt is 
not differentiated from the more advanced matter required in 
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his third ' year. These are obvious disadvantages which we 
have attempted tr remedy, and Part 1. contains what we con- 
sider to be suitable and sufficient matter fur the first years 
course, of which Part II. will form a direct continuation. 

In dealing with the subject-matter of Part I. we have been 
led to postpone the stvdy of the atmosphere and of the 
common gaseous elements until the student has become 
familiar with chemical change in the case of other more 
tangible substances, such as copper and calcium carbonate : 
njaf to defer the consideration of the complex processes of 

ordinary combustion until the properties of carbon and those 
< 

of some of its compounds have, been described. 

liather more attention than is UMial has been given to 
the determination of composition, which after all is one of 
the main objects of chemistry, but the description of the 
properties of elements and compounds has been restricted to 
what seemed necessary at this particular .stage, and to what 
t \vas possible without involving the use of other substances 
which had not heen described. 

Equations, which generally prove such a stumbling-block to 
beginners, have only been introduced after a description lift* 
•been given of the properties of a number of compounds sufli- 
,i,ntly large to serve as some basis for a presentment of the 
principal facts and tbeoiies on which molecular formula* are 
founded ; that an equation is an expression of experimental 
data is a fact which, we believe, is rarely realised by beginners 
in consequence of the premature use of syrnlsdic notation. 

The subject-matter of Part 1. is essentially ilie same ns 
that of the chemistry syllabus of the London University for 
the external matriculation examination, ami that of the Board 
of Education for Stage L 
iten 
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‘It 'is the object and chief business of chemistry to skilfully 
separate substances into their constituents, to discover their 
properties, and to compound them in different ways. 

4 !Iow difficult it is, however, to carry out such operation* with 
the greatest accuracy can only be unknown to one who either has 
never undertaken this occupation, or at least has not done so with 
sufficient attention* (Scheele, ('hnuurhr Abhandlumj von ihr Lvft 
v^d <hm Fmer , 1777. Translated in the Alembic Club Itcprmt, 
Xo^8). 
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Inorganic Chemistry. 


PART I. 

CHAPTER I. 

Introduction. 

Many materials which arc found on the earth are known 
h y different names because they can 1h» distinguished fr#m 
one. another. Gold, salt, water, oil, air, and coat-gas, for 
example, are easily distinguished from one? another, because 
they have, such very different effects on our senses. 

When any material is examined, its effect on the sense erf 
sight may he indicated by stating its size, shape, colour, mid 
so on ; its effect, if any, on the senses of smell, taste, and 
.touch may also he expressed in words. Some of the qualities, 
attributes, or pt , operfi< , s of the material are thus described. 

Hut in addition to such external or outward qualities, many 
other properties may he discovered by examining the material 
in various other ways; thus, if a solid, the material may ho 
tested as to whether it is brittle or malleable, dull or sonorous, 
rigid or plastic ; it may also he heated to see whether it 
melts — that is to say, whether its properties change when 
its conditions are altered ; it may also he mixed with some 
other material to see whether it is changed thereby, and 
bo on. 

Now when such methods of examination are used and the 
properties of a given material are considered, it is clear that 

4 • 
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some*, of fhoso properties are much more distinctive than 
others. For example, if a sheet of lift- material called glass 
is broken info two pieces, and one is then ground to a tine 
powder, the two dimples or specimens tfiffer in certain pro- 
perties ; the single pivee lias a particular shape ur.d size, and 
is smooth and transparent ; the powder is mn<^c up of in- 
numerable small * f tart iff r# f of dillerent shapes and sizes, and 
is gritty and m*t transparent as a whole : and yet it. is known 
that the two samples are one and the same material, and if 
exaurined further they would he found to have most, if not, 
nll,/rcfnnining propertit s in common. Thu* both would he 
tasteless rami odouiles*; if heated *u!hei< ntly both \v«»nM 
im'ltf - and they woiihl melt at the same temperature : if the 
melted samples, both of which ate still the material gHss, 
were cooled again, the two pieces so obtained might still difler 
hi shape and si/e, hut otherwise, would he i'tcnt in pro- 
pel ties, and both could be nrognised as the material called 
‘gl.i-.’ * 

lienee, it is necessary to make a distinction lHwcen those 
properties which an* mop* or les* accidental or variable, and 
those which really belong to, and an* always showti by, a 
material ; the ,-h.ipe and si/e are properties of tin* less i m- 
portant, kiml to which, as a rub*, huh* attention need In- 
paid ; tin* other and more important properties, which are 
•called specific properties, are tlm*«* which serve to distinguish 
one material or substance* from another. 

By studying tin* specific properties of the stuff or matter 
which form-' the ern-d of lln* eaitli, the oceans and seas, the 
atmosphere, and animals and pi nits, many different materials 
or varieties of waft+r t may be recognised ; the. ipiestioti then 
arises, why does one material differ from another? Why, for 

* The sense in which the word* ‘material ’ and ‘substance' arc used 
is explainer] Inter (pp. 33, 34); forwartf referenc* h need not, tie looked up 
at a first reading. 

*1 Anything which has tnntm. The terms ‘mass' and * weight* liaxe not 
ftie wirne meanings, tiut the wwght of any torw of matter is directly 
proper tional to its mass. 
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example, is sold (liflV-Tont. from salt? Are these tu*> matori 
aide* of the w :»f entirely different or matter? 

What am they made of, or composed oi*f hat is their 

rout }> um( ion ? • # 

One of the principal objects of the science of chemistn is 
the, stiuly < »T the ft mi / motion of matter . • 

.Hut. the f# are very few material on the earth which do 
not change in one way or another. On a cold winter day 
water, which is a liquid, changes into a s*>lid, ice; "when the 
frost goes - that is to say, when the temperature rises — the ice. 
passes again into the liquid, water. When water i> heated 
sudieiently, it boils and changes into steam, the liquid pushing 
into a ntfnwr : when the vapour is cooled, it changes again 
into water. 

Sugar and salt change when they are placed in water : the 
solids disappear. A bright piece of steel change^ when it is 
lefl in the upon air; it msU and slowly homines a redduh- 
hrown powder. When paper, wo..d, or coal burns, it under- 
got*-; remarkable changes, and all that remains viable i> a 
black -»r gray ‘ash.’ Jn Ii\ing plants and animals changes 
of an even more remarkable kind take place; in plants, th$ 
air, waTei, and si >i 1 in which they grow are changed 
1 vegetable matter ;* in animals, vegetable matter, such as 
.grass, corn, or other material taken as fond, is changed into 
flesh, fat., and hone. " 

Another principal object of the science of chemhtn is the 
study of the chamjn s* which matter undergoes, and of the 
conditions which bring about these changes. 

In order to attain these objects the chemist makes trials, 
/'*/*, or i\rf ter intents with the matter which is being studied; 
he thinks of some suitable experiment to make, ami then 
observes ihe. results, and states them as forts; from these 
facts he may draw inferences or conclusions, which are thus 
hast*d on rjfwrhnrutol eritJenrr. 

For instance, in the past, many chemists have made experi- 
ments to try to liiui out what happens when an orTlinary 
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(dry) waxtcandle is burned in (dry) air, and they have 
observed that one result is, that steam pr >vater is obtained ; 
this is a fact. Ffom this fact several inferences or assump- 
tions or coifclusions might be drawn. Thus it might he 
inferred or supposed that the water came from the candle 
alone, or that it came? from the air alone, or that^ome of it 
came from the candle ami some from the air; further experi- 
ments would then be made, until at last, perhaps, some 
definite conclusion could he drawn as to whence and why, 
water is obtained under such conditions. 

Wliqji from the results of experiments with all sorts of 
matter a great many separate facts have been established, it 
is often possible to express a large number of them in some 
general statement, which is then called a rule, a ynierali tui- 
tion, or a law ; thus the statement *A11 vapours and gases 
change into liquids at sufficiently low temperatures’ is a 
generalisation or law established by innumerable experi- 
ments. 

A generalisation or law having been discovered, it is some- 
times possible to go a step further and to speculate or make 
suggestions as to ‘why’ such a law holds good. Such 
speculations, which are termed hypotheses, are often of very 
great use, as they generally suggest and lead to further 
experiments, by means of which they may be ‘ tested ’ or put, 
to the proof. If the hypothesis is not confirmed hy the 
results of such experiments, if it no longer satisfies all the 
facts, then it is given up, and perhaps a new one is suggested ; 
but if the additional results agree with it, and it is found to 
explain or fit in with a continually increasing number of 
facts relating to different occurrences or phnwmona, the 
hypothesis becomes more valuable still, and may be called 
a theory . 

It is by a series of steps from experiments to facts, 
hypotheses, and theories that the science of chemistry is 
advanced, and although such hypotheses and theories may 
prove Useful only for a time and may then be displaced by new 
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ones, the facts remain : the boundaries of knowledge have 
been permanently' extended. 

The knowledge thus gained is of the greatest service to 
mankind. The natural materials fftund on or in the earth 
can he so changed now by known ‘chemical’ processes that 
they beooifle useful in all. sorts of ncAv and different ways. 
r £hus, front earthy or stony masses of iron ore , a material 
which in a natural state is practically useless, the manufac- 
turer prepares various qualities of steel ; similarly, nearly 
all other metals, such as lead, copper, tin, and so op, are 
manufactured by chemical processes from natural ore^ which 
otherwise would be valueless. It is difficult to imagine a 
world without these metals, or to realise what vasff progress 
lias been rendered possible by their manufacture; without 
them neither steam nor electricity could be utilised. In all 
great branches of industry chemistry plays an important part ; 
in the manufacture of calico, linen, and other fabrics made 
of cotton, flax, wool, silk, and other fibres, chemical opera- 
tions are necessary ; the brilliant and many-hued dyes in use 
at the present day are nearly all prepared from coal-tar; 
glass, pottery, cement, soap, soda, and many other almost 
equally* useful materials in daily use are manufactured «in 
chemical-works; the explosives used for blasting and in war- 
fare, illuminating agents such as coal-gas and acetylene, 
alcohol, chloroform, many paints, disinfectants, and medi^ 
cincs are all produced from natural materials by chemical 
operations. These examples may serve to indicate the great 
importance of the science of chemistry, and that the progress 
of civilisation is closely dependent on the application of 
chemical knowledge to the utilisation of the raw materials 
of the earth’s crust. 

As the science of chemistry is entirely based on experi- 
mental evidence, it is necessary that the student should 
understand the manner in which some of the principal facts 
have been established. For this purpose he should not only 
witness in the lecture-room as many experiments as possible. 
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but lie sliotiM also himself carry out a course of experimental 
work in the laboratory. Paring Uiis # jvork be should con- 
stantly bear in miTid that the greatest care must be taken in 
order to establish a fart., and that in making experiments, 
even the simplest ones, it is necessary to observe the results 
very closely, not to eflnfu.se what wont# to happen with what 
does happen, and to think, of possible mistakes of sources *>f 
error. The more, carefully the experiment is carried out, the 
more trustworthy is the e\ idence obtained from it and the 
more useful the training which the study of chemistry 
provides. 

J^or the purpose of these, experiments ‘apparatus* is 
required.* This consists principally of tubes and vessels, 
made of glass because, of its transparency, and because it is 
seldom changed to any great extent by the materials under 
examination. 

*unce many materials which do not change at ordinary 
temperatures, or do so only \ery slowly, are rapidly altered 
at higher temperatures, a source of heat is required, and 

burning coal-gas is 
gei icral ly u sed . As 

the ordinary ‘ bat’s- 
wing* or ‘fish-tail* 
luminous flame dc-. 
posits ‘soot* on glass 
or other vessels, the 
flame obtained with a 
Jhinwn-buntcr (fig. 1 ), 
so named after its in- 
ventor, is employed. 
In this burner the gas from the small tube ( <t) mixes with air 
which is drawn in through tin*, openings (h) at the base of the 
larger tube ( r) 9 and flic mixture is burnt at the top of (c). 

1 be flame has a high temperature, and does not smoke or 
deposit soot. The Jhinsen-flame is also used in cooking-stoves 
and in the ordinary incandescent lamp (p. 134). 
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The flame of the blowpipe-huvnev (fig. 2) is u^d when a 
very high temperature is required ; the principle of the burner 
is similar to that of *the Bunsen, but a forced draught of 
air is obtained with the aid of a foyt-bellows (placed on the 



floor). The movable metal part ( a , e) consists of two con- 
centric tubes ; the outer one is connected with the gas-supply 
(/>), and the inner one (r) with the 1 willows. 

In heating a glass vessel it is advisable to do so gradually 
and to secure a uniform distribution of heat, otherwise the 
vessel may crack. For this purpose the vessel is generally 
placed # on a piece of iron or copper gauze, on a. sheet. of 
asbestos, or on a layer of sand contained in an iron tray 
# (sand-bath). 


CHAPTER IL 

Changes in State. 

Melting. — When water is cooled to a certain temperature, 
which is called its freezing-point, the liquid changes into or 
becomes a solid, known’ as ice. This temperature is marked 
0° on the Centigrade, 32° on tlio Fahrenheit scale, and is 
lixed by putting the thermometer into melting ice. From 
this statement it may be inferred that all samples of iee melt 
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at the saipe temperature — otherwise two or more thermo* 
meters would not register tlie same freezyig-point. 

If any accurate Centigrade thermometer is placed in well- 
stirred meltitig ice (a mixture of ice and water), not only does ! 
the thermometer register 0°, but it continues to do so until 
all the ice is melted.* Further, if some water iS cooled in 
a vessel, which is surrounded by a freezing mixture of ice aiyj. 
salt,* until ice begins to form, a thermometer placed in the 
well-stirred freezing water again registers 0°, and continues 
to do so until all the water lias solid ilied (frozen). Now, as 
this water, or ice, is not the same as that used in marking 
the ^freezing-point on the thermometer, it may be concluded 
that wate# freezes and ice melts at one and the same tixed 
temperature ; this is called the freezing or melting point as 
the case may be. 

Instead of using a freezing mixtuie, the water may he cooled by 
the evaporation of ether ; a little ether is placed in a WoulfTs 

bottle, fitted up as shown 
(fig. 3), and the water is 
contained in a test-tube, 
which passes through a 
hand of india-rubber. On 
connecting the tuhJ {a) to 
a water-pump, air is drawn 
tlnoiigh (ft), the ether (<•) 
evaporates rapidly, anti itR • 
temperature is lowered 
sufficiently to freeze the 
water {(1). 

The tube (a) of the water- 
pump (fig. 4) is attached to 
a high- pressure water-tap; 
the water rushing through 
the nozzle (ft) draws with it 
a stream of air and thus causes suction ; the tube (e) is connected 
with the apparatus from which the air is to he pumped. 

A substance which is solid at ordinary temperatures may 
now be studied in order to see whether it behaves in any 
** Tli is mixture may give a temperature as low as - 21° C. 
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way like ice. For this purpose some (pur a) 4 naphthalene 
(p. 125), a white tfCTilid which is deposited in gas-mains, is 
coarsely powdered and placed in a beaker, which is then 
heated on a 
water-bath (fig. 

5);* after some 
Time the Naph- 
thalene begins 
to melt; if it 
is then well 
stirred with a 
thermometer, it 
is found that 
the temperature 
at which naph- 
thalene melts is 
80°, t and that 
the thermome- 
ter remains 'at 

80° until all the naphthalene is melted. When this is 
the the liquid naphthalene is allowed to cool, stirmig 

well with the thermometer ; it is then found that the liquid 
freezes or solidifies again at 80°, and that the thermometer 
remains at this temperature until all the naphthalene has 
solidified. Every sample of (pure) naphthalene shows tlys 
behaviour, so that naphthalene, like water, has a definite 
freezing or molting point. 

Similar experiments with other substances give similar 
results, which may be summarised as follows: 

When a substance melts or freezes the change takes 
place at a fixed and definite temperature which is called the 
melting or freezing point (m.p.) of the substance (compare 
P- 19). 

* The water or steam bath is used when a temperature not exceeding 100? 
is required ; tbc cover is composed of broad concentric metal rings (a). 

t All temperatures are expressed on the Centigrade scale- 

t % . 
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Now if in^tlie coarse of some experiments it were required 
to find out whether a given substance vgm or was not ice, its 
melting-point could "be determined ; if it melted at 0° this 
fact atone would not prove it to be ice, but if it melted at 
any other temperature, say 3° or 10°, it could not be ice. 

The melting-point of a substance, therefore, is one of its 
important specific properties, and serves to distinguish it* 
from other substances. It is obvious from this statement 
that although some of the properties of iee change when it 
passes into water, and rice rer#d 9 >et the property of changing 
in a fjxed manner under certain fixed conditions is itself a 
constant oi^ specific property of this substance. The melting- 
points gi some common substances are given later (p. 14-). 

If on a frosty day a bowl of rain-water and a bowl of salt- 
water are placed outside, equally exposed to the cold, the 
* fresh ’-water freezes, but unless there is a very hard frost 
the Aa It- water docs not, if there is much salt in it; however, 
should the cold be intense enough to cause, the salt-water to 
freeze, the ice on it melts before that on thb fresh-water 
when the thaw sets in ; salt-water, therefore, has a lower 
freezing or melting point than fresh-water. This is yot in 
contradiction to the rule stated above, because salt-water is 
not water ; it is water and salt, and may be called very 
impure water (p. 33). 

€ Again, if some naphthalene (imp. 80°) is mixed with about 
10 per cent of paraffin- wax, and the melting-point of this 
mixture is taken, it is found that the mixture begin# to molt, 
say, at about 70 \ but does not melt complete/ g if kept at this 
temperature; when the temperature is slowly raised above 
70' the mixture gradually becomes more liquid, but is not 
entirely melted until the thermometer indicates, say, 78°. 
Comparing this behaviour with that of (pure) naphthalene, 
and the behaviour of impure water with that of (pure) water, 
it is seen that when a substance is mixed with some other 
substance its melting or freezing point may bo lowered ; 
fuithej, a part of the solid generally begins to melt several 
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0* 

degrees lower than the remainder, so that °the melting- 
point of the mixture is not definite, but ranges over several 
degrees. * 

As mixtures generally behave ift this way, a determination 
of the melting-point of a solid often shows whether or not it 
is a mixture— a most useful and dimple method. Tallow, 
• paraffin-wax, butter, solder, glasy, <tc. examined in this way 
, are found to be mixtures (p. 27). 

Boiling. — When water is heated to a certain temperature 
which is called its hoi liny-jut ini , the liquid cliangcg into a 
rapour known as steam. This 
temperature is marked 100° on the 
Centigrade, 212° oil the Fahrenheit 
scale, and is fixed on the sealc by 
putting the thermometer in the 
vapour of boiling water. From this 
statement it may ho inferred that all 
samples of water boil at the same 
temperature, and experiments eon- 
lirm this conclusion (compare p. IS). 

ttijne water is placed in a small 
distillation-ilask (lig. 6)* fitted with 
a cork, through which then; is passed 
a thermometer with its bulb some 
distance above the surface of the 
liquid ; on heating with a I.unsen- 
flarne, small bubbles form at the 
inner surface of the glass, rise in the 
water, and escape into the air. These 
bubbles are considered later (p. 96). 

As the water gets hotter, small bubbles are again produced at 
the bottom of the flask ; these get larger and larger as they 
rise through the liquid, causing a rapid movement or circula- 
tion, and when the bubbles burst at the surface of the 

* A few pieces of unglazed earthenware are also placed in the J|ask, as th^ 
water then boils more regularly, without * bumping. 9 



Fig. 6. 
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liquid tlie \^iter is said to boil or to be in ebullition. 
As soon as this happens the thermometer, which before 
had risen onl t >^ a few degrees, suddenly shoots up to 100°, 
and remains at this temperature as long as boiling con- 
tinues. A mist or cloud is also seen escaping from the side- 
tube, although there is no visible mist inside the flask (steam 
‘5 invisible), and a dry, ccdd object held in thi# mist is 



Fi* 7. 


immediately covered with very small drops of wafer which 
form a ‘dew.* 

If a thermometer is held in the vapour just where the 
vapour is changing again into a liquid, the thermometer 
registers 100°. 

Now as this water is not the same as that used in fixing 
the point marked 100°, it may be concluded that water boils 
and steam liquefies or mmihnnw* at one and the same tempera- 
ture, which is called the boiling-point of the liquid (p. I8h 
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o 

The liquid benzene , which is obtained from ( boal-tar, may 
now he studied, using a dry distillation-flask (a, fig. 7) and 
a thermometer as before. In this case, “as benzene and its 
vapour are inflammable, the sidG-tube (b) ot the flask is 
passed through a cork fitted into a Liebiy’s condenser (r). 

« i 

This and other 4 condensers * are used for rapidly cooling vapours ; 
•the vapour passes through the iiiimrotuhe, which is kept cool by the 
flow of cold water through the outer jacket, and the liquefied or 
condensed vapour is collected in the receiver . 

On heating the hen zone, small bubbles do not appear at 
first, as in the case of water, hut after a time largo babbles 
are produced, and finally the liquid logins tct, boil ; the 
thermometer then shoots up to 80*5°, and remains axt that 
temperature all the time that boiling continues ; the benzene 
vapour, which, like water vapour, is invisible, is cooled in the a 
condenser, and changes back to liquid benzene. 

This process of boiling a substance, condensing the valour, 
and collecting the liquid thus formed is known as distilla- 
tion, and the portion which has been distilled is often called 
the distillate, 

Aiey other sample of benzene boils at 80*5°; benzdhe, 
like water, has a definite boiling-point. Other liquids, such 
as ether and chloroform, when examined in a similar 
manner, give similar results, which may lie summarised as 
follows : o 

When n liquid boils or a vapour liquefies, the change takes 
place at a fixed and definite temperature which is called the 
boiling (or liquefying) point (b.p.) of the substance.* 

The melting and boiling points of some common substances 
are given on p. 1 4 ; t it will he seen that there is no apparent 
connection between thorn. 

• This statement is only true when the conditions are fixed, as explained 
later (p. 18 ). 

+ All temperatures are expressed in the Centigrade scale. In talon 
temperatures higher or lower than those whieh can be indicted with 
mercury thermometer, various other instruments arc used. 


P « 
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Chloroform 

f Melting- 
Point. 

. - 70° 

ltoiling- 

Point. 

r»r 

Mercury, * . 

Melting- 

Point. 

~ 39*4° 

Hofling- 

1*01 lit.. 

.w 

Benzene . 

b* 

S0\V 

Sulphur 

114-j" 

448-4° 

AVa tel- 

• o 3 

*00° 

Zinc 

412° 

920° 

ls ow if a 

liquid were 

being examined and it was 

required 


to find out whether or “not it was benzene, its boiling-point 
could be determined in th<^ manner described above ; if ibis 
was 80*5° it would be possible that the liquid might he 
benzene, whereas if the boiling-point was 70° or 90" the 
liquid gould not be benzene. 

Tli^ boiling-point of a substance (which may be either 
solid or liquid at ordinary temperatures) is one of its im- 
portant speei tic properties which may serve to distinguish it; 
if in addition to the boiling-point tin* melting-point is found to 
be that of a particular substance, the evidence becomes almost 
conclusive. Thus, if a substance melts at 0 and boils at 
100* it is almost certainly water; if it melts at Garni boils 
at 80*5° it is almost certainly benzene. 

When by sucli means, or in other ways, tin*, nature of a 
substance is conclusively established, the substance is said fo 
have been identified. f 

'Hie melting-point and boiling-point, of a substance are 
called physind romfanix of that substance ; the density or 
specilic gravity* is another specific property and physical 
constant often used for the identification of a substance. 

If instead of benzene some methylated spirit is heated in 
the distillation apparatus (lig. 7), it behaves quite differently 
from water or from benzene ; although the thermometer 
shoots up to about SO when the spirit begins to boil, it does 
not remain at that temperature, but rises slowly during distil- 
lation and finally registers 100°. This is because methylated 
spirit is not a pur a liquid but. a mixture (p. 32) ; since 
such mixtures nearly always have an indefinite or gradually 

* The relative density or specific gravity (sp. gr.) of a solid or liquid is 
. expressed by a number which shows the relative weight* of equal volumes 
of the substance and of water at some stated temperature ; the density or 
sp. gr/of water at 4° is taken as h 
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rising boiling-point, a distillation of the whole df any liquid 
(where possible) may show whether it is or is not a mixture. 
Tliis is a very important and simple method of examining 
liquids (p. 32). Spirits (brandy, 'whisky, gin), paraffin-oil, 
turpentine, coal-tar, &c. examined in this way are found to 
be mixtures 

• Althmi^li ice, water, and steam are very different in some 
respects, they all consist of one and the same kind of matter, 
which can be recognised or identified by its specific pro- 
perties. When water freezes, nothing having weight is 
added to or taken from it ; it merely becomes soKd water. 
Similarly, when water is changed into steam, it merely 
becomes water in Ihe form of vapour. 

The changes which occur when a solid melts, a liquid 
solidifies, a liquid boils, or a vapour or gas liquefies are 
called changes in state ; it is obvious that changes in state 
are reversible, and that the direction in which the clduige 
occurs depends on the conditions under which the substance 
is placed (compare p. It)). 

Evaporation. — A little water placed in a saucer disappears 
in a Jay or two : although the water is far below its boiling- 
point, it passes into a vapour which mixes with the air,' 'and 
the water is said to evaporate or to vaporise, 

A little spirit poured on to a slate, evaporates in a few 
minutes, although far belovV its boiling-point ; a little ether 
evaporates much more quickly. 

So that whereas the change, liquid < — >■ solid,* takes 
place at a fixed temperature, this is not so as regards the 
change, liquid -<- — v vapour ; liquids, and even many solids 
(ice,f naphthalene), pass into vapour at temperatures far 
below their boiling-points. As the temperature rises evapo- 
ration takes place more and more quickly, and finally the 
licmid begins to boii.^ 

* The sign >■ indicates a ohange which is rcrentibfa 

f If after a light fall of snow the weather remains clear and frosty, the. 
snow may disappear in a day or two owing to its evaporation. 
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Atmospheric Pressure. — The ‘pressure of the atmos- 
phere 9 or ‘atmospheric pressure 9 is gen<y»lly recorded in the 
newspaper wo.athei* reports, and is expressed in inches. 
To demonstrate the meifiiing of this expression and the 
nature of a barometer, which is the instrument used 
to measure the pressufe, the following experiment may be 
made : # c , 

A stout glass tube (a) about 32 inches in length is sealed at 
one end ; to the open end a piece of glass tubing (b) about 
10 inches long is fastened by means of stout india-rubber 



tuning, and fixed vertically in a clamp (fig. 8) ; the whole 
tube is then filled with mercury to within about 6 inches 
of the top of (b) while in the slanting position shown in the 
diagram. The tube (a) is next gradually raised and fixed as 
shown in fig. 9. The mercury falls in the tube (a), and after 
oscillating for a short time comes to rest in some such position 
as that shown. 

The experiment may also he made with a straight tube 
about 32 ‘ inches in length and closed af one end ; this tube 
fr, fig.* 10) is filled with mercury, closed with the thumb, and 
then inverted in a trough of mercury. 
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The columns of mercury in the tubes (a) mil (/;)* are 
hold ii]> by tlio press y re of the air; although the air is a gas 
it lias weight, and the weight of the ai^ pressing on the 



Fifr Fig. 10. 


surface of the mercury in the tube (ft) balances the mercury 
column (.*7/), that is to say, the column of mercury in the 
tube («) above the level of the lnoiemy in (b). Similarly 

*The empty space ( r ) above the surface of the mercury in («) and in { e ) 
ia known & the Torricellian vacuum, so named after Torricelli, a pupil 
of Galilcof the discoverer of the atmospheric pressure, 
luoi*. XJ 
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the pressure on the mercury in the trough (e) supports, the 
column (xy) in the tube (c). The weight or pressure of this 
.column of mercury is equal to the pressure of the atmos- 
phere; tlief instrument used to measure it is calldjl a* 
barometer — hence the term barometric pressure. >\ 

At sea-level the average pressure is equal that of a 
column of mercury 760 millimeters (29*92, inches) in 
height ; * this standard pressure, called one atmosphere, is 
equal to about 14*7 pounds per square inch of surface. 

* Relation between Railing- Point and Pressure. — When 
water is boiled some way up a mountain its boiling-point is 
befow 100°; at the top of the mountain its boiling-point is 
lower still, and the higher the mountain the lower the 
boiling-point, f Similarly with benzene and other liquids. 

The boiling-point of a liquid, therefore, depends on the 
pressure: the lower the pressure the lower the boiling-point. 
Tfcis may be easily shown experimentally. A distillation 
apparatus like that shown in fig. 7 is arranged, but the lower 
end of the condenser is passed through a cork fitting tightly 
into the nock of a second distillation-flask ; the side-tube of 
Jhe latter is connected to a water-pump (p. 8) by means of 
sfcmt india-rubber tubing. The water is then hooted and 
the pump is started, whereupon some of the air is sucked out 
of the flask and the pressure is reduced : the water then boils 
at a temperature below 100°, and the more the apparatus 
# is ‘exhausted’ the lower the boiling-point. Other liquids 
examined in a similar manner are found to boil or distil at 
temperatures below their ordinary boiling-points. 

The process just described is termed distillation under 
reduced 'pressure. 

The boiling-point may bo now defined as that temperature 
at which the pressure of the vapour of a substance is equal to 

* On the top of a mountain the pressure is less, as there is a Bhorter 
column of air above. By observing the height of the barometer on the top 
of a mountain the altitude of the mountain may be ascertained. 

i ft is thus possible to find the height of a mountain by determining the 
bpilini'*boint of water at tho summit* « 



ft 


CHANGES IN STATJE. 


10 


the pressure upon it. There is thus a definite and fixed 
boiling-point for evesjs pressure. 

The boiling-point of water under different pressures is given in 
the following table, ami it will be seen that the boiling-point varies 
greatly with a change in pressure. A diminution of pressure of 
234*5 mm. eauses the b.p. to. drop from 400° to 90° (whereas an 
increase of ^pressure from 1 to ]5\5 atmospheres raises the b.p. 
ffom 100° to 200°). Since the boiling-point of a liquid rises as the 
pressure is increased, when a vapour is subjected to an increase of 
pressure some of the vapour may be condensed although the tem- 
perature is not lowered ; thus steam at 100° and 760 mm. pressure 
is condensed to water when the pressure is increased. 


Pressure in nun. 

23’5 

54*9 

92*0 

178*9 


Boiling-Point. 
* 25° 

40° 

50° 

64° 


Pressure in mm. 

525*5 

733-2 

760 

787*7 


Boiltag-Pjoftt. 
• 90 *"' 
99 * 
100 “ 
ior 


In the case of the melting-point, the variation with change 
of pressure is very small and may be neglected. * 

Sublimation. — When naphthalene, iodine, or sal-ammoniac 
is gently heated, say in a large flask, the substance may 
change directly into the state of vapour, without first melting, 
and w^en the vapour reaches the colder portions of the vessel 
it changes to the solid* state, without first liquefying; sub- 
stances which show this behaviour are said to sublime or to 
give a sublimate , and the process is termed sublimation . 

The principal facts concerning such changes as those con* 
sidered may now be summarised : Many varieties of matter 
may occur in one of three states — solid, liquid, vapour or 
gas.* All vapours -and gases may be liquefied and all liquids 
may be frozen,! hut some solids cannot be melted and some 
liquids cannot be boiled (p. 114). 

Which of these states will exist (if more than one is 
possible) depends upon •(«) temperature, (b) .pressure. At one 
particular temperature and at one particular pressure all three 

*The difference between the terms 4 gas’ and * vapour* is explained 
later (p. 163). 

t Only one known liquid has not yet been solidified. 



2ft SOLUTION AND DETERMINATION OF, SOLUM LITV. 

« 

may exist together ; ice, water, and water vapour, for example, 
exist together at 4‘(> mm. pressure ai^il 0 _ i H >7 (h At any 
other temperature c than that at wliieli the three states of one 
substance may exist simifitaneously, or at any other pressure, 
one, or two, of the states disappear. Changes ill state, there- 
fore, are reversible. * 


CHAPTER III 

' Solution and Determination of 
Solubility. • 

Solution ot Solids. When sugar is placed in water the 
solid gradually disappears: it has uni melted, hut ha ^ tlis- 
sofcf <f, and the liquid N ealled^i nnh/ftuH uf sugar in water, or 
ail #aqueous solution of Migar. Many substance* dissolve in 
water, as, for e\ unple. salt, sugar, washing soda (p. .*15), blue 
vitriol ( p. .30), nitr** ( p. 35); sindi substances are said to bo 
mlubb m waiter, and tin* water is called the .W/vW. 

-"When Aval er in which -ugar ha* been dissolved is vigorously 
• 1 § ' 
sLwred, and a iew drops ot the solution arc taken from any 

jmrf and tasted, the j »r« i-* *i t< •<* uf sugar in that pait is recog- 
nised. Similarly with a solution of >.dl ; whereas with blue 
vitriol, the presence of tin* dissolved mi] id in every part of 
flie liquid is shown l»v the colour. 

Now if some finely powdered blue vitriol, salt, nitre, or 
other soluble, substance j\ added to a limited (plant ilv. sav 
50 e.c., of cold water, a little at a time, and tin* liquid is 
stirred well, the blue vitriol for other soluble substance) dis- 
solves, quickly at Jir^t, then more slowly, and iinally not at 
a.ll, the, last portion added remaining in the solid state, at thn 
bottom of the vessel. 3 la* solution eannol, dissolve any more, 
ol tin 1 solid, and is sai<l to he wiltti'ttltul ,* a solution wdiich 
van still dissolve more of the, solid is called tiHualu rated . 

\\ li6n the cold saturated aqueous solution of blue vitriol is 
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gently warmed, the, solid at tlio bottom dissolves. • By raising 
its temperature, the solution is become nnsaturated and takes 
up a further quantity of the solid ; in oflnfl* words, hot water 
dissolves a greater weight of blu6 vitriol than does cold 
water; lmt on adding more him* vitriol still, the, hot solution 
also been in 6s saturated. AVIhmi the lmt saturated solution is 
cyoled, tin* cold water eannot hold all the blue vitriol in 
solution, and some blue vitriol separates in the solid state. 

The, behaviour here described of water and blue vitriol is 
the ordinary behaviour of a. solvent towards a soluble solid 
substance; in a few eases the solvent dissolves greater 
weight of a given solid at. low than at higher tempera litres, 
hut in all eases the weight of a given solid disstflved by a 
jixed weight of a given liquid at any li\ed temperature is 
r/mdauf. 

The weight of a substance do*-s not change when it passes 
into dilution. If some blue vitriol and water are placed* on 
one pan of a balance in separate vessels and counterpoised, 
no change in weight is uKm n ed when the solid is dissolved 
in the liquid. 

Concentration. — "When a. if if /if r aqueous solution of blqp 
vitriol* -that is to say, a* dilution 'which is far from suluraSrd 
- is heated in the distillation apparatus (tig. 7), the water 
boils and the liquid whi'-h di-lils inio the receiver is 
colourless and does not. eon-tain anv him* vitriol ; should 
the. solution contain salt, sugar, or other solids as well as 
blue vitriol, these would all remain in the distilling-tlask. 
The anlo'ut can thus be separated from the dissolved sub- 
stances by tfidtlfaf inn (p. Jo), and when the distillate is 
water it is called ifidil/rJ /raft r ; ordinary water contains in 
solution substances which it has dissolved from the soil, iVe., 
ami from which it is easily separated by distillation. 

Some of the solvent h iving been distilled away, the origin- 
ally dilute solution is said to have become more conratfraf+i * 

* When water has turn added to u solution the latter is said to have 
been /f it u ted with \vat**r. „ * 
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— that is, itf now contains a larger proportion of the dissolved 
substance in a given volume, and, though hot, may be 
saturated; in this case it deposits some* of the solid when it 
is cooled. 8b that no matter how dilute the solution may be 
to start with, the dissolved substance may (as a rule) be 
recovered in the solid state by concentrating r.ilficiently. 
For this purpose an aqueous solution is generally ligated in ail 
open (evaporating) basin ofi a water-bath (fig. 5), and if the 
process is continued until all the solvent has vaporised the 
solution is said to have been evaporated fo dryness. A liquid 
or solid which distils or vaporises is said to be ro Ini He; one 
which does not vaporise is said to be non- volatile. Few 
common solids are so volatile that they distil over with 
water 'vapour. 

Filtration. — When powdered chalk is placed in cold water 
it does not dissolve; it is insoluble in water, and the solid 



Fig. 11. 


particles remain in saspen- 
sinn or sink. Many other 
solids are insoluble in water, 
as, for example, copper, char- 
coal, sulphur, and naphtha- 
lene. A solid wlfieh is 
insoluble in one liquid may 
be soluble in another; thus 
sulphur is soluble in carbon 
disulphide, (p. 210), and 

naphthalene is soluble in 
alcohol (p. 12b). 

A solid in susjKmsion 
may be separated from the 
liquid not only by distilling 
off the liquid, but also by 


the process of filtration . When, for example, water con- 


taining chalk in suspension is poured into a funned (fig. 11) 
fitted with a cone of unglnzcd paper (blotting or filter paper), 
the water passes through the minute pores of the paper, but 
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the particles of chalk do not ; the filtered liquid or filtrate 
is (piite clear ; mudrjy or dirty water is filtered through beds 
of gravel and sand. • 

The term insoluble’ is not used wery strictly* and in fact 
there are few solids which do not dissolve in an unlimited 
quantity of water. Tims chalk, \vhk;h is generally called 
insoluble, dissolves in about 100,000 times its own weight of 
water. The term insoluble means, therefore, that the pro- 
portion of solid in the saturated solution is so small that 
for practical purposes it may he neglected. "When a solid is 
only * sparingly y soluble it is nut easy to toll whether it is 
really soluble or not by merely placing it in tbe liquid*, in 
such eases, after shaking the solid with the solvent*for some 
time, the liquid is filtered and the filtrate, is evaporated to 
dryness. If there is an appreciable, rrnirfue (best observed by 
evaporating in a glass vessel) the solid is soluble; if not, it is 
insoluble. . 

Determination of Solubility. — The, weight of a solid which 
is contained in a given weight of any saturated solution at 
a given temperature may be determined ; by simple calcu- 
lation, the weight of the solid dissolved by 100 grams of 
the solvent may then be found. The figures thus obtained 
represent the, solubility of the. given substance in the given 
solvent at the given temperature. In order to determine 
the solubility of salt, for example, the solid is added, a 
little at a time, to about 20 ex. of distilled water, untfl 
some remains undissolved even after staring the solution 
well for ten minutes ; after noting its temperature, the solu- 
tion is filtered (so that all undissolved salt is removed) into 
a basin ; the basin and the filtrate are then weighed 

together, and the solution is evaporated to dryness on a 
water-bath ; the basin and the residue are then weighed 
until constant.* 

* Ah it is impossible to toll by tbe appearance of tbe residue whether all 
the water has been driven of! or not, tbe basin and contents, which havo 
been weighed once, are ayain heated at 100', allowed to cool, an A weighed 
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Ksmnpli — Temperature of saturated solution, 15° C. 

Weight of basin == 20*4 grains. Weight of basin ami sola* 
lion = 30*6 grams. AVoiglit of basin and residue --- 2.'H 
grams. 4 • 

Hence 10*2 grains of solution consisted of 7*5 grams of 
water ami 2*7 grains of salt. a 

The aoluhllitfi of salt in water at 1 «V, therefore*: 1 is 3(5, this 
being the weight of sail in grams dissohed by 100 giams 
of water. 

An experiment such as t li is, in which weight U considered, is 
called n^mnififiihrc e\)nniment : one in which «ml\ naimc, char- 
ade*, or (juality is coiisidciod is culled u, ij militatin' c\pei imeiit. 

In all i^unnt it.ilhc e\pei uncut*-, «*\en in such simple one** as 
determinations of solubility, it is dilln nil to obtain aenuale results, 
and when any Hich c\pci intent i> repented M a \einl times )»\ the 
same or hv dilleient peisons the jc^ults me not v.mvthf the same; 
this is because then* aie certain causes oi sources of eiror. mole 
or less ditlieult t<» axoid, which affect the result, and which aie 
summed u]> in the term * (.i/tm/iirniat / f rhe greater the can* 
fa, hen that is, the moie the e\)»ei imeuial enor is lessened the 
mme lieai l\ do the scpninlc results agiee with one another. ,\" 
in most cases it is piohuhh that some of tin* Moults will he too 
gieat (high), olheis loo small (low ), the muTtttjc result may ho taken 
a 4 the most coned xuliie. s 

tin* aeciuaey of the icsidt*- depends, of emusc, to a great extent, 
on the ueeiuacy and sensjth oness ot the scales m foihutev which is 
used. The delicate iiMiument icijun eil for accuiato work should 

he carefully studied and treated with gieat cure. 

< 

As the solubility varies with the temperature, but 1ms a 
doJiuite numerical value for every teinpeiaturo at which a 
solution can be obtained, when tlnM* values have been de- 
termined experimentally for a suHieicnth large number of 
different temperatures, the results may he expressed by a 
CUive. the pntnbilihf currt'; this cuive then shows the solu- 
bility at fill temperatures between the limits examined. 

"•bun; only when tlic weight hcroini s coitfitunt— that is to wty, when two 
Kiiccehsive weighings give the sniuc n-wdt -is it known that all the water 
^lius heon expelled. Thi.; process of v'funhiuff until constant lias to he 
'carried oftt in nearly every «pjantit;.tr.c experiment. 
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Thus in the ease of nitres (potassium nitrate) experiments 
(five the following results, some of which are expressed by 
the solubility curve (fig. 12) : 
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Tempi) raluA 

Grams of Nitre 
in 100 g. or Water. 

Temprialiin 

Grams of Nitre 
in 100 g. of Water. 

0 U 

13-0 

oo°« 

Ill 

10 3 

• 21 1 

70° 

139 

20° * 

31 -2 • 

80° 

172 

30° 

44 -fi 

90° 

200 

4(r 

GC0 

100° 

. 247 

fl() J 

80 




In order to draw the solnfliliiy curve llie vertical and horizontal 
lines A 15, AC are marked oil' fiom A in eipial divisions, those on 
one line, say Ail, repiesentiim plains of nitre tlissol\ed hy J00 g. 
of water, those on the other line, AC, the temperature at whieh 
the solubility is determined; a veitieal line is then drawn from 
Lhe*poin1 Itr on AC, and a horizontal line Irom the point *21*1 on 
the line All ; these meet at S,. Taking the results for other tern- 
perat-tnes, points S», S.„ Ac. aie obtained in a simflar manner; 
finally these aie joined hy a curve, as shown in the dingiam. 

If now the solubility of nil rt* is required at any tempera- 
luio hot ween 0’ and 10CC, say at Of) 5 , this can he found hy 
drawing a vertical line from Gf>° on AC until it meets the 
curve at S 4 , and a horizontal line from until it meets AB 

at a point which then gives the required value. 
t The gullibility curves for a few other substances are also 
gfven in the diagram. 

Solution of Liquids. — When spiiit of wine (alcohol) is 
poured into water if immediately dissolves ; a similar result 
^occurs when water is poured into alcohol. These liquids dis- 
solve oni! another, and either may Ik* regarded as the solvent. 
The solubility of one in the. other has no limit. Such liquids 
which can be mixed in all proportions are said to he m/Wibltt 
with one another. Turpentine, ordinary oils, petrol, and many 
other liquids are not miscible with water, and are, in fact, 
insoluble. Some liquids, such as ether, are soluble in, hut not 
miscible with, water. 

Solution of Gases.— The effervescence of soda-water, beer, 
Ac. is due to the escape of gas from its solution in the liquid. 
I lie study of solutions of gases may he deferred (p. 163). 

Tli8 solubility in a given solvent is an important specific 
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property and physical constant of a substance, and serves for 
its identification ; tlfus, if the solubility of a given solid is 
found to be 35*8 at. 10°, it is possibly common salt; if in 
addition its solubility at 50° is 36*9 (see diagram, p. 25), 
then it is almost certainly salt, ns it is extremely improbable 
that any other substance would have exactly the same solu- 
bilities as salt at these two different temperatures. 


CHAPTER IV. 

Mixtures and Substances. 

When ground salt and sifted sugar are stirred or shaken 
together there results a mixture, something containing (at 
least) two distinct substances, which are called components 
(laid together) of the mixture. If after being stirred for a few 
seconds two samples of the mixture were taken from different 
parts, they would probably not be the same : they would 
•differ (principally) in composition, as they would not contain 
the same proportion of salt (or of sugar.) Such a mixture, 
any part of which differs from any other in composition^ is 
called a heteroyeneous mixture. 

If now this heterogeneous mixture is placed in a mortar 
and the components are ground together for, say, ten minute^ 
then two small portions or samples taken from different parts 
would not differ in composition so much as before, and might 
be almost identical; an intimate mixture of salt and sugar 
would have been obtained. Finally, after prolonged grind- 
ing, the mixture would be so intimate that samples taken 
from any parts of it would have tlm same composition — that 
is to say, all the samples would contain tlio same proportion of 
salt (and of sugar) ; in this respect, therefore, the mixture 
miyht now be called homoyeneons. 

Put as the change from heterogeneous to homogeneous 
takes place gradually, it is impossible to say when the 
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mixture wAuld first wem to be homogeneous ; really this de- 
pends oil the trriffhh of the samples taken and on the accu- 
racy or delicacy ol tic* methods of examination. Even after 
being stirred for a few biinules only, if tlio whole mixture 
were divMed into two roughly equal parts the samples would 
probably have almost* the same composition ; wfiereas even 
after grinding for a ) ear, if two sample-, each consisting ©f 
till ee microscopic grains only, could l>e taken, one of these 
might contain two grains of sugar to one of salt, the other 
two of salt to one of sugar. Further, if various samples were 
examined with the naked eu* all tie* mixtures might look 
homogeneous, wliereas under a minoseupe they might appear 
heterogeneous ; that is to say, particles of sugar and of salt, 
might he recognised. 

SSo the terms homogeneous and heterogeneous when applied 
to mixtures of sol/tf < an* only rdatitf. A mixture of solids 
which by itself might be considered homogeneous, would be 
heterogeneous in comparison x\ i 1 1 1 a dilution of a solid, or 
that of a liquid ; in solutions the particles of the dissolved 
solid or liquid and those of the solvent are so minute and 
f%> intimately mixed that it is difficult to imagine two samples, 
hmvever small, being different in composition. This is aho 
tine in the case of a mixture of ga-.es. 

^Now most of the. ordinary niateiials of which the earth’s 
crust is composed are mixtures, more or less heterogeneous. 
Some rock**, such as granite, some samples of .-and, soil, coal, 
most vegetable and animal matter, are obviously hetero- 
geneous; clay, slate, and many other materials which to 
the naked eye may mt-m to he homogeneous arc, in reality, 
mixtures. Salt, on the. other hand, and sugar are not mixtures 
and are homogeneous; the smallest conceivable sample of 
(pure) sugar contains sugar and nothing else. 

Sometimes the words homogeneous and heterogeneous are, 
used in reference to the similarity or difference in mzp and 
*/"//"' fhe particle* or pieces of a solid • in chemistry the, 
mechanical condition of a solid substance is seldom considered 
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(compare p. 2); a sample composed of ‘loaf, 1 1 crystallised/ 

; 1 1 1 < 1 * sifted * sugar would be regarded as chemically homo- 
geneous so long ms it consisted of sugar and •nothing else. 

4' 

Metiiods of Separating the Components of a 

A Mixture. 

• 

Mechanical Processes. — The separation of the components 
of a mixture is an operation which “has to he carried out very 
often, and there are many different ways of doing so. Some 
of the miii pier methods may he first considered. 

Some * crystallised ’ sugar i-* nn-iely shaken with coarsely 
powdered blue vitriol ; in Mich a mixtme the enstals* of »the 
sugar can he picked out. If tin* mixture wave ground to a 
fine powder the two components would still he then 1 ? hut 
they could not he* separated in this m tuple manner. 

Some iron filings an* shaken with some sand; the hetero- 
geneous mixture, is spread on a piece of paper and a inagyet 
drawn over it; the iron tilings onh are attracted, and the 
heterogeneous mixture is separated into its components. If 
the particles of iron differ in size from those of the sand, the 
M*paralion might also be accomplished by using a sieve of 
suitable fineness. J 1 

Some ground charcoal is mixed with some iron filings, the 
heterogeneous mixture is thrown into a deep vessel, and a 
rapid stream of water is sent through a pipe, reaching nearly 
to the bottom of the vessel; the lighter charcoal is carried* 
away, and the iron filings remain. 

These are simple examples of what may he, called rough 
Ht' rhrfftical processes, and such as a rule give only poor 
results - that is to say, the separation is not complete.; for 
this reason they are little used in chemistry except in a few 
manufacturing operations. 

Methods of Separation based on Solution. — Some salt 
and some chalk are mixed together, and the mixture is 
placed in water. The salt is soluble, the chalk is not. The 
solution is filtered (p. 22). Most of the salt is now in the 
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filtrate, aiuf the chalk is on the filter-paper. In order to obtain 
a complete separation, a little distilled water is blown on to 
the chalk from a, wash-bottle (fig. 13) f* this washes away 
sepne of the salt solution still remain- 
ing in the chalk and in the pores of 
^ the paper. On continuing this wash- 
iwj the whole of the salt js obtained 
in 'the filtrate, and can be recovered 
by evaporating the solution to dryness 
(p. 22). The salt and the chalk have 
now been separated. 

Ordinary gunpowder is a hetero- 
geneous mixture of sulphur, nitre, and 
charcoal. Some gunpowder is shaken 
with carbon disulphide (p. 216), ill 
which sulphur is readily soluble, the 
other two components being insoluble ; the solution is filtered 
ami the residue washed with carbon disulphide until free 
from sulphur ; the filtrate is then evaporated t to obtain the 
sulphur. The mixture of nitre and charcoal, which remains 
on the filter, is transferred to a beaker, and when most of 
tW carbon disulphide left in it has evaporated, some hot 
water is added ; only the nitre dissolves, and after filtering 
the solution and washing tin* residue the filtrate is evaporated. 
The charcoal remains on the filter. The three components of 
Che mixture are thus separated. 

Such a method, based on a very great difference in their 
solubilities, is of the greatest, importance in separating the 
components of mix tuies. 

Crystallisation. — When a hot saturated solution of a solid 



* On blowing into the tube (a) a fine- jot of water is cxjudled from the 
nozzle. The neck of the flask in wrapped round with felt bo that the 
apparatus can bo bandit <1 even when the water is nearly boiling. 

t Carbon disulphide ha> an unpleasant smell, and is highly inflammable; 
the solution is evaporated in the apparatus shown in fig. 7, the flask being 
heated on a water-bath , or it is allowed to evaporate spontaneously (without 
being heated) in the open air. 
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(blue vitriol, nitre, sulphur) in any solvent is allowed to cool, 
or concentrated, somo of the solid is thrown out or deposited. 
The particles of the solid thus produced are generally hounded 
by plane , reflecting, surfaces (faces) which meet, fUrming solid 
angles; they have a deJinite yenmelrical form, and are spoken 
of as cryslah. A solid 'which is compered of crystals is said 
to be crystalline, and is thus distinguished from an amorphous 
solid, such as charcoal, which hak no definite geometrical 
form.* 

All the crystals of a given solid have the same geometrical 
form, although they mav he of different sizes; thus crystals 
of common salt are all cubes, those of alum are regular oeta- 
hedra. The crystalline tuna of a substance is a •very im- 
portant specific property and physical constant , which serves 
lor the identification of that substance. 

Crystals produced rapidly arc generally small and imper- 
fect — the geometrical form is incomplete; when grown 
slowly, by cooling a solution very gradually, or by allowing 
the solvent to evaporate at ordinary temperatures (spontaneous 
evaporation), they are larger and may be perfect in form. 
The small crystals of which a lump of loaf-sugar is composed 
and the largo crystals of ‘crystallised sugar’ or sugar-candy 
afford an example of this difference; also those of an ordi- 
nary lump of sulphur compared with those obtained by the 
spontaneous evaporation of a solution of sulphur in carbon 
disulphide. ‘ * 

Crystals are generally formed when a liquid solidifies, as 
in the case of water, and melted naphthalene or sulphur; 
also when a vapour condenses directly to a solid — that is 
to say, in the process of sublimation (p. J9). An operation 
which lends to the formation of crystals, or the change from 
the liquid to the crystalline state, is termed crystallisation . 

The process of crystallisation (from a solvent.) is of the 

* Verv few (pure) solids arc known which cannot be obtained in crystals; ■ 
most amorpnous materials, such as glass, glue, gelatine, shellac, Ac., are 
juixtures. r 
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greatest ute in separating the components of mixtures. If a 
powder composed, say, of DO per cent of blue vitriol and 
10 per cent, of su^ar is dissolved in the least possible quantity 
of boiling water and tin? solution then allowed to cool, tome 
of the blue vitriol is deposited in crystals, because the cold 
solution is more than •saturated with it; the cold liquid, how- 
ever, is no! saturated with sugar, till of which regains in tlie 
solution, which is now called the mother liquor. The crystals 
of blue vitriol may hi* separated by filtration, but some ot the 
mother liquor, which contains sugar, is retained by them : if 
now they are troche, I (p. :\0) \\ iidi a very little cold water, 
all* or nearly all, tin* sugary liquid is removed. Tlie crystals 
may tlu^i he redissolvcd ill the leust, possible quantity of 
boiling water, and obtained again by cooling the solution: 
the. solid has now been rerri/.</tiflisi't( 9 and may he separated 
by filtration from the mother liquor and dried in the air. 
A. small proportion of the blue \ilriol is thus obtained free 
fiom sugar. 

This process of separating the components of a mixture by 
the use of a solvent in which a part or the whole of tlie 
fixture dissolves is burned jrurf hood ert/^hiH Ao/ ion . • 

As a i ale it is dillicult to obtain both ora.ll tin* components of 
a mix i me fiee fiom the otliei^ by fractional ciystallisation, because 
finally tlie mother li'piois beeome salinated with iikho than one 
component, and I lie rZ/y/ftw/v are limn iniMines. It may also he 
Rioted that it is not neeo*.»»;ti ily ilii* component of lowest solubility 
w li ic*li separates first, hut that with which, owing to the tpiuntity 
and solubility combined, t he solution U saturated. 

Fractional Distillation. — Alcohol, which burns, and wafer, 
which does not, are y m<nhh‘ (p. 2(5); l»v adding sullicient 
water to some alcolnd there results a mixture wliicli does 
not take fire when a light b put to it. If now this mixture 
is heated in a distillation apparatus (lig. 7), the thermometer, 
which suddenly shoots up to about Hn or 85° when the liquid 
begins to boil, does not remain muftloritj but gradually rises 

* The study of tW parts of the ir \ t marked in this whk an. y uc W- 
poned utitikthe student commences tlie intermediate course. 
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during distillation until finally it reaches 100°. If the first 
portion or fraction of* the distillate, say tin* 'first 5 per cent., 
is collected separately, this liquid burqs when a light is applied 
to it; it contains a much larger proportion of alcohol than 
does the original mixture, because alcohol has a lower boiling- 
point (78 ) than water (100°). This method of separating 
mixed liquiifs is termed fractional distil hd ion. 

Using one or other of the methods described above, or a 
combination of them, it is sometimes possible to separate one 
or more of the components of a mixture from the others * the 
component is then said to have been isolated. If it iff quite 
free from every other component it is said to be pyre, and 
is spoken of in this book as a substance or as a pure Sub- 
stance ; it is homogeneous. If, however, it still contains a 
relatively very small quantity of any other component it is 
called an impure substance ; any further treatment for the 
separation of such impurities is called purification. An im- 
pure 4 substance 9 may be purified by crystallisation, distillation, 
and so on. 

It must be noted, however, that to obtain a substance free 
oven from minute quantities (trews) of impurities is generally 
a most difficult task ; if the quantity of impurity does not 
exceed, say, 0*1 per cent., the properties of the substance, ns a 
rule, are so slightly affected that for practical purposes it is 
considered to be pure. Most commercial substances contain • 
more impurity than this. 

In the methods described above for the separation of the 
components of mixtures, or for the purification of substances, 
the materials, in many cases, were changed in state (vaporised, 
dissolved, <fec.), but not otherwise altered ; such methods 
may be called physical methods. Later on it will be shown 
that such separations or purifications are often far more 
easily accomplished, or, indeed, can only be accomplished, 
by methods of a totally different kind, which are <^lled 
chemical methods, # 

Tnorg. q 
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A substance having been purified in what may seem to he 
a suitable manner, how is it known "that the substance is 
pure ? By* carefully camming it and ascertaining whether 
its spceijic- properties are rowfmtf. If it is pure it is homo- 
geneous, and cannot.be separated into different eomjtonmfs, 
or into two samples differing from one anothey in specific 
properties, by methods suHi as those described ; if it is not yet 
pure it is still a mixture. Suppose that any pure substance 
is separated into two fractions by crystallising from water; 
thes*e two fractions are identical in ererij reject — in melting- 
poent,* boiling- point, specific gravity, solubility, crystalline 
form, aeid so on; they have identical specific properties 
and f physical constants. The samples might, of course, differ 
as regards the size of the crystals, and many of, or all, the 
crystals might be imperfect ; but. ibis is of no importance ; 
they are both composed entirely of one and the same 
substance. 

If, on the other hand, an impure substance were frac- 
tionally crystallised the two fractions would not be identical 
in every respect; that is to say, they would differ more or 
^pss in specific properties. 

The term material has been used in these introductory 
chapters to denote any kind of mailer, whether a mixture 
or a substance ; henceforth it is employed, as far as possible, 
•in the case of wist nr ex only. 

CHAPTER V. 

Some Common Substances. 

In the great heterogeneous mass of matter forming the 
earth’s crust a few substances occur in small quantities in 
a practically puro state ; by simple processes, discovered in 
the course of lime, others can 1m prepared from various € raw 
materials.’ A few such substances may now be very briefly 
described. 
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Copper, silver, mercury (quicksilver), and gold \re found 
in various parts of tl*j world in small quantities ; iron, lead, 
and tin are prepared from natural materials (or^s). These 
substances have been known from v£ry early times, and used 
in daily life. They have certain properties in common : for 
example, allliave a bright, shining appeafance (metallic, lustre) ; 
all may lie ftieltcd ; all have a higlj specific gravity; all are 
good conductors of heat and of electricity. On account of 
these resemblances they are classed together as metals; the 
word i metal,’ therefore, is the name of a class or groi\p of 
substances. Although metals as a class have several common 
or general characteristic?, the specific properties of every metal 
are different from those of any other form of matter ; $very 
metal * is u distinct, substance. 

Ordinary salt, ‘ common salt,’ or sodium chloride is a well- 
known substance obtained in an impure state from mines 
(rock-salt), and also by the evaporation of sea- water (sea-salt) ; 
it is purified by recrvstallisatioii, and is colourless and crys- 
tallises in cubes. When heated suddenly, the crystals often 
break up with violence and noise, because they contain 
enclosed drops of mother, liquor (p. 32), which give rise tQ 
steam ; this occurrence is known as decrepitation. * 

Nitre, saltpetre, or potassium nitrate is found in certain 
tropical and subtropical countries (India, Ceylon, Syria) in 
layers on the ground, and is purified by crystallisation from fc 
water; it is colourless, very readily soluble in hot water 
(its solubility is 247 at 100°), and melts when heated 
(m.p. 339°). 

Soda-crystals, washing-soda, or sodium carbonate was 
originally obtained by burning seaweed, placing the ‘ash* 
or residue in water, and allowing the clarified solution to 
evaporate spontaneously ; it is now prepared by different 
methods (p. 274). The crystals deposited from the aqueous 

* Brass, solder, and other materials composed of two or more metals are 
called alloy*. Brass is an alloy of copper and sine, solder an alloy of lead 
and tin. * 
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solution are colourless and transparent (like ice), but when 
they are left exposed to the air they ^gradually change into 

a white, (colourless) powder, 
and lose in weight. Tf some 
freshly prepared crystals are 
carefully dried with blotting 
(filter) paper, am? then heated 
in a glass tube, fitted up as 
shown (fig. 1-1),* they first 
liquefy and then begin to 
give steam, pure water col- 
lecting in the tube (b ) ; after 
some times the contents of 
(if) begin to crystallise, and 
finally there remains a dry 
solid, which does not change 
on continued heating. When 
this solid is dissolved in the 
least possible quantity of hot 
distilled water, and the solu- 
tion allowed to cool, crystals are obtained ; these, when well 
Yiried with filter-paper, behave exactly like the original sample, 
and give water and a solid when they are heated. 

Blue vitriol or copper sulphate occurs in the drainage water 
c from certain copper-mines, and when this solution is evaporated 
it gives crystals having the appearance of blue glass; hence 
the name blue vitriol ( rifnnn , glass) given to this substance. 
When these dry crystals are heated in an angle-tube (fig. 14) 
they gradually change, giving a colourless crystalline powder, 
and water collects in the tube (/>). When the colourless 
powder is placed in a little water it turns blue, dissolves on 
warming, and the solution on cooling deposits crystals of 
blue vitriol identical with those of the original substance; 
the wdiite powder also .absorbs water, aud slowly turns blue 

* This piece of apparatus is used so frequently that for convenience in 
reference it is termed an ‘ angle-tube.* 
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when it is left in the air (which shows that air contains 
water vapour). § 

Green vitriol or ferrous sulphate is jf green glass-like 
crystalline substance, which is obtained on evaporating the 
drainage water from certain coal-mines. The crystals lose 
in weight and crumble wheti left exposed to the air, and 
when very % rjanthj heated* in an .angle-tube (fig. 14) they 
yield water and a white powder ; # tliis powder is soluble in 
water, ami from the solution crystals identical with those of 
the original substance are deposited. 

Water of Crystallisation. — Dry crystalline substances, 
like sodium carbonate, copper sulphate, and ferrous sulplmte, 
which give, or ‘lose/ water when they are heated, •generally 
do so at 100°, or at slightly higher temperatures; if,*then, 
a known weight of the substance, carefully dried with filter- 
paper, is heated at a suitable, temperature until constant 
(p. 23), the loss in weight gives the weight of the water 
which has been ox pel led. Such quantitative experiments 
show that for a given substance the percentage of ‘water’ 
contained in any dry sample is constant; thus soda-crystals 
always contain G2d) per cent., blue vitriol 36*1 per cent., and 
green vitriol 45*3 per cent, of ‘water’ respectively. t * 

Now when materials such as damp nitre or damp common 
salt are heated at 100 they also lose water, hut the quantity 
is not constant, and varies with the sample; further, in such 
cases the loss of water lias no other result than that tli6 
material is dried. The water contained in such materials is 
termed m<n\<tarn; its presence docs not alter the form or 
other properties of the crystals. In the. case of the crystals 
of soda, blue vitriol, and green vitriol not only is the per- 
centage. of ‘water* constant, hut its presence alters the crystal- 
line form ami other specific properties of the substances 
which contain it. The ‘ water,* moreover, is not in the 

* If strongly heated a different; result is obtained (p. H9). 

t lii the c«Be of green vitriol the percentage of water expelled cannot be 
determined in this Biinplc way. • 
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liquid but? in the solid state. Water which plays this part 
is called water of hydration or water of crystallisation , and 
the crystals which contain it are said to be hydrated . Thus 
soda-crystals are composed of hydrated sodium carbonate ; 
the crystals of a different form which are produced when the 
‘water* is driven off, , or crystals such as those ofuitre, sugar, 
&c., which do not contain ‘ water, 7 are termed anhydrous ; the 
blue crystals of copper sifiphate are hydrated, the colourless 
ones are anhydrous, and the conversion of the former into 
the latter is termed dehydration. Some hydrated substances 
undergo dehydration (partial or complete) even at ordinary 
temperatures, as, for example, soda-crystals; they are then 
said to effloresce, and are called efflorescent. Some anhydrous 
subst&nces which can form hydrated crystals, as, for example, 
anhydrous copper sulphate, absorb and fix water (become 
hydrated) on exposure to damp air or when brought into con- 
tact with materials containing water or aqueous vapour; such 
substances are called hygroscopic, and arc often used for abstract- 
ing water from different materials — that is to say, for drying 
them. Some hygroscopic substances, as, for example, calcium 
chloride , thus absorb so much water that they dissolve in it; 
tJiey are then said to deliquesce, and are called deliquescent. 
The liquid produced by quickly heating soda-crystals is not 
melted sodium carbonate, but a concentrated aqueous solution 
of this substance; hydrated substances which behave in this 
Way are said to dissolve in their water of hydration; an- 
hydrous sodium carbonate only melts at a very high tempera- 
ture (red heat). 

Substances containing water of crystallisation are not re- 
garded as impure ; but water (moisture) adhering to anhydrous 
or hydrated crystals is merely impurity. Other solvents 
besides water may he fixed in crystals. 

Salts. — The four substances ‘common salt., 7 nitre, bine vitriol, 
and green vitriol have certain properties in common ; they are 
all solid, crystalline, and transparent. For these and also for 
other far more important reasons, which will be explained 
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later, they are classed together as Salts, so that thAterm salt, 
like that of metal, is a class-name given to a great number of 
different substances. Many salts have been Joiown from very 
early times, and by simple processes .other substances have 
been prepared from them. 

When metals of green vitriol are boated very strongly in 
an angle-tube (fig. 14) choking fumes* are given off, and the 
residue gradually becomes red ; if the fumes are passed into 
a test-tube (t>) containing a little water they dissolve, and the 
solution acquires a sour or ‘ acid 1 taste. f When some of this 
solution is evaporated in a basin heated on a sand-bath it 
becomes thick and oily ; this liquid is called oil of vitriol, »nd 
the ‘amd* substance contained in it is known as sulphuric 
acid. The red powder which remains in the tube is insoluble 
in water, and absolutely different from green vitriol in other 
properties; the change which lias occurred is of a different 
type from any ) el considered. 

When a mixture of green vitriol and nitre is heated in a 
retort a brown gas or vapour is produced, and there distils a 
yellowish fuming* liquid, at one time called ‘spirit of nitre/ 
but now known as nitric acid. Ture nitric acid is colouiless, 
very corrosive, and lias a sour taste. i The solid materij 
remaining in the retort is nut nitre or anhydrous ferrous 
sulphate, and the change which has taken place is very 
different from any already studied. 

When oil of vitriol is heated with common salt a fuming* 
gas is obtained ; if this gas is passed into water the liquid 
becomes sour and sharp in taste*. Such a solution, at one 
time called ‘spirit of salt/ is now known as hydrochloric 
acid. The, residue is not sulphuric acid or common salt. 

* I'umes or mists consist of very small particles of liquid (or solid) ; the 
visihlt* mist escaping from boiling water (often wrongly culled steam) is 
composed of drops of liquid water. 

t These * acids 1 can only he tasted safely when they have been diluted 
with a largo volume of water, (treat can? should be taken that acids and 
‘chemicals' generally do not got on to the skin, and danger to the eyes 
should be most carefully avoided. • 
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Sulphuflc acid, nitric acid, and hydrochloric acid have 
certain properties in common ; all have a sour taste ; * all 
are corrosive — tfrat is to say, they cat into and burn or 
spoil many* materials, spell as cloth, wood, skin, and many 
metals . The term * acid * is thus used as a class-name, and 
is applied to a greaj; number of substances having certain 
properties in common. The three acids lianieij above are 
prepared in chemical-works on the large scale. 

The presence of an acid in an aqueous solution can often 
be ascertained by adding a solution of litmus. Litmus is a 
blue* material prepared from certain lichens, and is soluble in 
water;* when its aqueous solution is added to an acid the 
blue material (blue litmus) is turned into a red one (red 
litmits). Papers soaked in a blue or red litmus solution 
and then dried are known as litmus-papers. 


CHAPTER VI. 

Chemical Change. 

» 

It has now been shown that when a substance is heated 
it may undergo a change in stale; it may melt; it may 
vaporise. In such cases, moreover, when the conditions are 
reversed the changes are reversed ; the substance is then 
exactly as it was at first, except perhaps in shape ; it still 
exists or endures, and has done so all the time in one. state 
or the other. Such changes may be referred to as physical 
changes, and strictly speaking the study of such changes is 
rather a branch of physics than of chemistry. 

It has also been shown that many substances may be dis- 
solved ; this change also is reversible, for by evaporating the 
solvent the substance may be recovered unchanged, except 
perhaps in shape. 


Compare footnote, p. 39, 
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Again, some substances may be hydrated — tbsX is, they 

may form, with water, dry, homogeneous crystals of fixed 

composition ; this change also is reversible* as the water of 

hydration may be expelled by heating. Is a substance which 

is dissolved or hydrated merely mixed with the solvent? 

If so these Changes may also be called 'physical changes, by 

which is understood changes which onlv alter the state or 

1 • v 

condition of a substance, but not its specific properties. 

It is clear, however, that some of the changes referred to 
in the last chapter are of an entirely different kind, naiyely, 
those which occur on heating (1) ferrous sulphate^ (2) a 
mixture of nitre and ferrous sulphate, (3) a mixture of salt 
and sulphuric acid. In these changes, which an examples 
of chemical chmnje, the original substances disappear and new 
ones having totally different specific properties are obtained. 
Some further examples of chemical change may now be 
studied in a systematic manner. 

Copper Heated in the Air. — When a sheet of bright 
copper foil or gauze is heated in a Jhinsen-flame it changes 
colour and finally becomes black. This blackening is not 
due to soot, for if the sheet be heated on one side only, botlfc 
arc blackened; if the surface is scraped a black powdef 
comes away and bright metal is exposed, hut on heating 
again more, black substance, is formed on the bright parts. 
What has happened 1 The black substance docs not change 
again into copper when it is cooled, lias some of the metal 
burnt, or changed into something which lias escaped into 
tin; air? 

Copper Heated in an Enclosed Space. — In order to find 
out whether anything comes away from the copper while this 
black substance, is being formed a roll of the bright metal * is 
heated in an angle-tube (a, lig. 15), the. outlet (delivery) tube 
of which dips into some water contained in the vessel (h). At 

* The metnl should fill the tulw as far ns possible ; the roll is obtained in 
si bright condition by making it red-hot in a blowpipe flame and immedi- 
ately placing it in a large test-tube which contains about 2 c.c. of alfcohoL 
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first a fevf‘ air-buhbles escape from the tubo ; blit it ia known 
that this would happen even if there .were no copper there, 
because a i ^expands when it is heated (p. J 58). After heating 

for some minutes it is 
found not only that noth- 
ing escapes f Am the tube, 
but also that the metal is 
hardly changed and does 
uut give a black sub- 
stance. Why doesn’t it? 
Has it not been made hot 
enough ? 

No very noticeable 
change occurs however 
long the metal is heated 
in this way. If, however, 
the cork is taken out of 
the tube, while keeping 
tin* copper hot, that part 
of the metal near the open 
end of the tube gradually 
Turns black, although it is not being heated any more strongly 
than before; slowly the metal becomes black all over. 

From those observations it might be concluded that the air 
causes this blackening. 'When the copper is heated in a tube 
containing a very little air and no more air is allowed to get 
to it, the metal is hardly changed pejceptihly ; whim, how- 
ever, air gets to the metal the black substance is obtained. 

Copper and Nitric Acid.- - When some copper is put 
into water it does not dissolve, and is not changed in any 
way; hut when the metal is placed in nitric acid,* some 
remarkable changes take, place very quickly. A fizzing or 
effervescence is noticed ; a brown vapour or gas appears ; the 
liquid becomes blue and gets hot; finally all the copper dis- 
appears, and instead of cob, ui less nitric acid and the metal 
* Compare footnote, p. 30, on the daugenniH character of nitric acid. 
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copper, there appear now a blue liquid and a brown gas 
(most of which has e»caped into the air). When some of 
tins blue liquid is evaporated on a water-bath, th^jre remains 
a blue crystalline substance, which iS called copper nitrate ; 
this salt is readily soluble in water. 

Now contrast the behaviour of sugar, Common Balt, or blue 
vitriol dissolving in water with that/ of copper when it is put 
into nitric acid. How great are the differences ! When one 
of the former is dissolved in water no gas is formed, no 
visible change occurs except that called solution, and e the 
dissolved substance may he recovered unchanged by evapo- 
rating the solution ; the imagination may picture the substance 
as still existing, although in solution. In the case of copper 
• and nitric acid at least two new substances, viz. a brown gas 
and a blue solid, are obtained ; copper is not recovered on 
evaporating the solution, and the imagination cannot picture 
the metal as still existing as such. 

If, then, it were said that copper dim thru in nitric acid, or 
that copper is soluble* in nitric acid, these terms would be 
used to express processes very different from those to which 
they have already been applied. The copper is obviously* 
changed by the nitric acid, but not merely in .date; and the* 
result is a solution, not of copper, but of the substance copper 
7i if rate . 

When, therefore, the substance which passes into solu- 
tion is different from that which is put into the liquid the 
process may be called chemical solution, and the original 
substance may be said to dissolve chemically. 

Copper Nitrate Heated. — When copper nitrate is heated 
considerably above 100°* the blue solid begins to change. 
First it seems to melt (but is really dissolving in its water 
of crystallisation, p. 38) ; later on a brown gas is given off 
«nd a black substance begins to form ; finally the blue solid 
disappears entirely, and there remains a dry, black powder 

*TliiH process is generally called ‘ignition;’ any material heated 
strongly in a vessel ia Baiil to be ignited ' even if it undergoes no change. 
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which does not change visibly on further heating. This black 
powder is insoluble in water; when°put into nitric acid it 
gives a bl^e solution, but no brown gas ; when this solution 
is evaporated there remains a blue crystalline solid which can 
be identified as copper nitrate, and which when heated gives 
(of course) the black* powder and brown gas. 



The Copper Reappears. — When the black powder ol>- 
tained by heating copper nitrate is placed at (a) in a glass 
tube (tig. 16) through which coal-gas is passing, the black 
powder does not undergo any visible change. If now (after 
lighting the gas escaping at (if) and turning the flame very 
low) the powder is gently heated with the Bunsen-flame, it 
changes in a remarkable manner, and gives a reddish or 
salmon-coloured solid substance. Careful observation may also 
lead the discovery that some liquid condenses in the colder 
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portions of the tube, although the powder may have been 
made red-hot (and therefore must have been quite dry) before 
it was used. , 

The red powder thus obtained does nbt look very like ordinary 
copper, but when examined it is found to have the following 
properties : (a) When hammered on an “anvil (or melted and 
cooled) it gives a coherent mass which has the colour and lustre 
of ordinary copper,* the same specific gravity as copper, the 
same melting-point, and so on. (b) It blackens when it is 
heated in the air ; when placed in nitric acid it behaves just 
as co]>] Mil 1 does, and gives a blue solution from which blue 
» v} stuls, black powder, and red solid can be obtained in turn 
by the methods just described. In short, it is found, by 
wry teat that can be applied, that this red powder is copper. 
It is identified as copper not merely by its physical properties 
('/), but also by those (b) of another kind, namely, its chemical 
ftmpe /7/Vs, some of which are noted above. 

From these experiments it may he concluded that both the 
blue crystals (copper nitrate) and the black powder contain 
the stuff or matter which is called copper; hut in these sub- 
stances the metal is in a condition so different from that of # 
ordinary copper that it cannot he recognised. Also, that - ' 
there is something in coal-gas which is not in air, or why 
should the black powder change and give copper when it is 
heated in coal-gas? 

Copper Carbonate. — When copper nitrate is dissolved in 
water and a solution of sodium carbonate (p. 35) is added, 
pale -blue solid particles are precipitated or thrown out of 
solution ; on adding sufficient sodium carbonate solution and 
pouring the whole on to a filter the blue precipitate , which is 
(.died copper carhmate, can be separated, and the filtrate is 
colourless. The precipitate is washed well and dried in the 
steam oven. 

On heating copper carbonate in an angle- tube (fig. 15), 

* This in an instanoc of how the api>earanoe of a subs banco may alter with 
its state of division. * 
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with the outlet dipping under water contained in (£>), bubbles 
of gas rise through the water, and the«blue substance begins 
to turn blayk ; far more gas escapes from the tube than could 
be due to the expansion of the air, and finally instead of 
copper carbonate there remains a black powder. 

Copper Oxide. — A* black powder has now been prepared in 
three different wavs : (1) by heating copper in the air, (2) by 
heating copper nitrate, and (3) by heating copper carbonate. 
Are these ‘preparations’ the same nr different substances? 
Experiments show that by whichever method this powder is 
prepared it has the same physical and chemical properties. 
Tim identity of the throe ‘preparations’ or samples is easily 
proved by tests. For example, all are insoluble in water; all 
have the same specific gravity ; all give copper nitrate with 
nitric acid ; all give copper when heated in coal-gas. This 
black substance is called copjtrr thritfe. 

Copper Sulphate. — When copper oxide is warmed with 
sulphuric acid (p. 39) diluted with water, a blue solution is 
obtained but no gas is seen. On evaporating this solution 
there remains a blue crystalline solid, namely, blue vitriol or 
popper sulphate, which is a different substance from copper 
titrate, as can he easily shown by heating it in a hard glass 
tube; instead of turning black and giving a brown gas 
(p. 43) it turns white, giving water (p. 36). Blue vitriol 
may also be obtained by heating copper with sulphuric acid 
(p. 39). Copper may be obtained from blue vitriol in 
various ways. A solution of sodium carbonate may be added 
to a solution of blue vitriol ; this causes the precipitation of 
oopper carbonate, from which copper oxide can be prepared 
first, and then the metal, as just described. Again, when a 
bright piece of iron (or steel) is placed in the solution of 
copper sulphate, that part of the iron which is covered .by 
the solution becomes salmon-coloured ; it then looks very 
like the copper obtained by heating copper oxide in coal-gas, 
and it can be proved in many ways that the outside layer is 
coppefr. Has the iron been changed into copper? After 
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pome time, lifting enough iron, the solution loses its blue 
colour entirely, so that the blue vitriol must have changed ; 
it may he concluded, therefore, that the coafing o| copper on 
the iron has come from the blue vitrfol. 

From the experiments with copper which have now been 
described, it will be seen that many substances may undergo 
changes quite different from those' in which they merely 
change in state or dissolve. One substance seems to change 
into or become something quite different. A bright, shining 
metal gives a black powder, also several blue substances quite 
different from one another; from all these blue substances 
one and the same black powder, and finally one and the safne 
metal, can bo again obtained. These are further examples 
of rhmiirnl cjtantp*, and they arc summarised diagrammatically 
below; the arrows point towards tlie substance which is 
formed under conditions described above, but it must bo 
carefully borne in mind that in envy rate, excepting the direct 
formation of copper oxide by beating the metal in the air, 
other substances are produced as well as those here shown. 

Fopper Copper 

/ sulphate carbonate 

/ ;;t . 

Copper- oxi.le -Copper 

, Copper / Copper 
nitrate — carbonate 

Some Chemical Changes examined Quantitatively. 

Some of the qualitative experimental with copper which 
have just been described may now be considered quantita- 
tively, and in the first place the change which occurs when 
copper is heated in the air may he examined. Tn order to 
find out whether the metal gains or loses something a roll of 
clean copper gauze* is weighed, then heated in the air 
*or some minutes, allowed to cool, and weighed again. 

* Footnote, p # 4L * 


I 
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The result of this experiment will show that there is a gain 
in weight, .and therefore the formation of the black powder 
is not due to any tiling leaving the copper, but to something ’ 
having weight being added to it. This matter must have 
come from the air, a conclusion which confirms the result of 
the qualitative experiment (p. 42). 

On heating, cooling, and weighing the roll again, a further 
increase in weight would be found, and a similar result would 
be obtained even after many repetitions of the experiment. 
This is not surprising, because, as already shown, the black 
pnwdey. forms at the surface, of the metal, and the air gets to 
the lower layers very slowly. 

hf would take hours of beating to finish the change 
under these conditions, the. black powder may he prepared 

from the metal by one 
of the other methods. 

A weighed quantity 
(about 1 gram) of copper 
is placed in a weighed 
crucible, and nitric acid 
(enough to change all 
the metal into copper 
nitrate) is carefully 
Fig. 17. added ; the solution of 

copper nitrate is then 
evaporated to dryness, and the residue strongly heated ; 
when cold* the crucible and copper oxide are weighed. The 
result would be something like this : 

Weight of copper . - 1 *0030 g. 

H copper oxide = 1 »JT}57 g. 

Increase in weight = 0*2527 g. 

* Copper oxide i« very hygroscopic (p. 3H). In order to prevent it from 
taking up aqueous vapour from the air, the crucible is cooled in a vessel 
containing dried air, called a * desiccator’ (fig 17). 'Hie. desiccator contains 
H.nne very hygroscopic substance, such as calcium chloride (p. 38) or *ui» 
phuric acid. 
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The crucible and contents are again heated and again 
weighed (until constant *) ; if the experiment lias been well 
done, the second weighing gives the same result as*the first. 

Since 1*003 g. of copper give l'25o7 g. of copper oxide, by 
proportion, 100 g. of the metal give 125*2 g. of oxide, or 

100 g. of oxide are obtained from = 79 9 g. of the 

metal. 

Now if this experiment were repeated many times, weigh- 
ilig very accurately, taking extreme care not to spill any of 
the copper, or blue solution, or copper oxide, and making 
sure that the latter did not contain any moisture or blue 
solid --in short, if the experimental error (p. 24) was **ery 
small, the average result of any set of experiments would 
always he that given above. This faet lias been proved 
by a large number of experiments carried out by skilled 
chemists. 

Further, it does not matter by which of the several pro- 
cesses described above the copper oxide is prepaied, the 
result is always the same within the limits of experimental 
error; that is to say, unit weight of copper always gives* 
1*252 units of copper oxide. This last statement confirms a 
previous conclusion, namely, that the black powder obtained 
by different methods is one and the same substance. 

The weight of copper obtained from a known weight of 
copper oxide may now lie determined by heating a known 
weight of the carefully dried substance in a stream of coal-gas 
as already described (p. 44), and weighing the metal obtained. 
The substance is weighed in a porcelain ‘boat/ which is put 
at (a) in the tube (lig. Hi) ; coal-gas is passed through the. 
tube, the oxide is heated until no further change occurs, and 
the metal is allowed to cool and weighed. The result would 
be something like this : 

Weight of copper oxide . . . . = 0*7S46 

•i copper =0*0269 

* Compare footnote, p. 23, 
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Since 6-7846 g. of copper oxide gives 0-6269 g. of copper, 

0-6269 x 100 , 70 . a „ . , 

100 g. of the oxs-de give — - <r ‘ 


Skilled chemists eaiVying out this experiment with the 
greatest care have ahnuj* found the average result to he that 
just given, ami it docs not. matter hy which of *ihe processes 
described above the copper oxide is prepared, the result is 
always the same. 

It is thus proved that when copper undergoes change, 
givjng copper oxide, 71H) g. of metal give 100 g. of the 
oxide t (p. 40); and that when copper oxide undergoes 
change, giving copper, 100 g. of the oxide give 70*0 g. of 
the ( metal. 

►Starting, therefore, from a given weight of copper, a num- 
ber of different substances may be obtained, and finally 
the metal may be recovered. The weight of the recovered 
metal is exactly tin* *ainr as that of the metal taken ; but, 
as can he proved hy ipiantitativc experimcjits, the weight 
of every intermediate, substance is yreator than that of the 
metal used. 

i, It is thus proved by these qualitative and quantitative 
’"experiments that when copper nitrate is healed, it is broken 
up or changed into (at least) two other substances, viz. 
copper oxide and a brown gas; also that when copper car- 
bonate is heated it is broken up into (at least) two other sub- 
stances, viz. copper oxide and an invisible gas; such changes 
are spoken of as (iMumt/msi/inns, mid tin* copper nitrate or 
copper carbonate is said to be tlrnnHiHwtl, Copper oxide 
must also give something ljcsidcs copper when it is heated 
in coal-gas, as the change, involves a loss in weight; this 
decomposition is studied later (p. l(). r >). 

The results of all these experiments with copper lead to the 
following conclusions : 

(1) When copper is changed so that it is no longer copper 
it is because something having weight is added to it. 

(2) When such a change occurs, the copper takes up a 
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fixo.fl quantity of some other matter, and loses this fixed 
quantity when it passes hack into copper. 

(;j) Copper cannot be destroyed or annihilated or caused to 
pass into nothing — not even the smallest particle ofrit. 


CHAPTER VJI. 

Elements and Compounds. 

Many of the substances which are classed as metals 35) 
— as, for example, iron, lead, tin, mercury, aluminium, zinft, 
magnesium, silver, gold, platinum — have been knowft for a 
' very long time, and have been very carefully examined by 
chemists in all sorts of ways, of which the experiments with 
copper may give some idea. It lias thus been found that 
although metals may he. changed by adding some matter to 
them, they cannot be broken up or decomposed into two or 
more different substances, as can copper nitrate, copper car- 
bonate, or copper oxide. A metal cannot be changed by taking 
some matter from it.* Such substances arc called elementary f 
substances, or elements. An element is a distinct kind of 1 
matter which has never been decomposed to the knowledge 
of the chemist; it may he changed in state, and it may also 
he changed by adding something to it, but it cannot be 
destroyed. 

It must not be supposed that metals are. the only elements ; 
about eighty (dements are known, but the only ones in addi- 
tion to the metals which arc commonly seen are sulphur, 

* How is it known that the gas which is produced when copper is placed 
m nitric acid does not conic from the metal '* Although the metal in- 
creases in weight, this might be' because it gained more matter from the 
acid than it lost as gas ! In answer to such a question it may he stated 
that this gas is never obtained from the metal except with nitric acid, and 
the gas can be obtained from nitric acid without using copper. Further, 
the quantitative experiments prove that the teholc of the copper can be 
ie covered from the solution without adding the gas again. # 
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iodine, aUd carbon, and possibly phosphorus. Some of the 
elements are mvitdhle gases. 

Returning now to the element copper, it has been shown 
that wlieft tin's mctaj is heated in the air it adds to 
itself something in the air ; this something is an invisible 
gas, an element called ojnjtjen , and in taking it up not only 
the copper, but also the gas is absolutely and entirely 
changed. • 

Now copper oxide cannot possibly he regarded as a mist are 
(p. 27) of copper and oxygen, and it is called a compound of 
the elements copper and oxygen. Why the elements become 
so different when they form the compound is not known, but 
in ordtr to indicate the fact that the (dements copper and 
oxygen are not merely mixed together, they are said to have 
combined or united together chemically, and the change 
which occurs during their combination is called a chemical 
change. Copper nitrate, copper carbonate, and copper sul- 
phate are also comjnnnuh * ; but in each of these substances 
the element copper is combined with two other elements, as 
will be shown later. 

It would be useless to attempt to define chemical change 
at present, but it may be pointed out that nearly all the 
changes dealt with in Chapter YL belong to this class. 
The decomposition of a compound, such as copper carbonate, 
into two or more, different substances (elements or com- 
pounds) ; the separation of the element copper from the 
compound copper oxide ; the formation of copper nitrate 
from copper and nitric acid, &c., are all examples of chemical 
change. In all these cases the substance, or substances 
resulting from the change are entirely different in specific 
properties from those which take part in it; this is a general 
characteristic of chemical change. 

There is another most important characteristic of chemical 
change which has already been illustrated. When copper is 
changed, giving copper oxide, it combines with a fixed 
quantity of some other matter (oxygen), and loses this same 
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fixed qnantily when it again passes into copper. ]?o matter 
how the compound copper oxide is made, it always contains 
or is composed of 79*9 per cent, of copper aifTl 20* J per cent, 
of oxygen (p. 79) ; it is a substance of fixed and definite 
composition. 

• 

This does not mean that if a strip of copper is heated in the air, 
say for five minutes, until it is outwardly hlaek all over, the strip 
then contains 201 per cent, of oxygen. Of course if will not; it 
will not he copper oxide, except just near the surface, hut a hetero- 
geneous mixture of copper and popper oxide. Pure copper oxide is 
not only a substance of fixed and definite properties but of fixed 
;uf<l definite composition. 

Now experiments with hundreds or thousands of* (pure) 
compounds have shown that each lias a fixed and definite 
composition; it is therefore concluded that this is true of 
every compound, and so this general conclusion becomes a 
law— the law of definite proportions. 

The proportion of each element present in a chemical com- 
pound is fixed and constant. 

When chemical change occurs the relatire quantities of the 
substances which take part in the change, which combine % 
with or art on one another, are fixed and constant. 

It follows from this law (which it must always he borne in 
mind is based entirely on experiment) that if two sain pies 
supposed to be one and the same compound are found to 
dillbr in composition, one or both must he impure ; also that 
the determination of the composition of a compound serves 
for its identification. Jf a given black powder of unknown 
origin were found to contain only 79 per cent, of copper it 
could not be pure copper oxide ; whereas if it were found to 
consist of 79*9 per cent, of copper and 20*1 per cent, of 
oxygen it must be copper’ oxide, since no other substance has 
this composition. 

The law of constant proportions also renders it possible to 
calculate how much copper oxide would be obtained by 
converting any given weight of the metal into copper o&ide, 
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or how much copper could be obtained from any given weight 
of copper oxide^ An example will make this clear. 

llow much copper oxide can be obtained from 0*3280 g. of 
copper? Since this compound consists of 79*9 per cent, 
of copper and 20*1 per cent, of oxygen, 79*9. g. of copper 
give 100 g. of copper oxide. JJy simple proportion, there- 
fore, 79 9 : 0*3280 :: 10Q : sr; the result is 0*4105 g. This 
result of course would be confirmed by an actual experiment, 4 
because it is based on experiments previously made. 

• 

As a matter of fact the law of constant proportions has already 
been assumed in calculating the pciceutage composition of copper 
oxide ;^or if this compound were not constant in composition, 
100* g. of metal would not necessaiily give J00 times as much 
copper oxide as 1 g. of metal. The calculation of the perendoye of 
water of hydration (p. 37) from the experimental data is also based 
on Hi is law. 

Returning once more to the quantitative experiments, it 
was concluded (3, p. 51) that cupper cannot be destroyed or 
annihilated ; something may be added to it, combined with 
it, and again taken away from it, but it is impossible to 
• 1 destroy 5 it — the same mass of copper matter always remains. 
What is true of copper is true of every element, and there- 
fore Qf every compound, because compounds are composed of 
elements. 

These facts are summarised in the law of the inde- 
structibility of matter (conservation of mass). Matter may 
be changed in state, or may under go chemical change, but it* 
mass remains constant ; it cannot 1>e destroyed , nor can it be 
created. 

This law has been established by innumerable experiments, 
and the whole science of chemistry is based on it. If it 
were not true, quantitative experiments would be useless and 
calculations such as those given above impossible. Wiiat 
would be the object of starting such an experiment with a 
weighed quantity of copper or copper oxide if some of the 
matter might pass into nothing during the experiment ? 
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Putting this law in another way, * when changes in state, 
or chemical changes, oifboth occur, the sum of the weights of 
the original substances is identical with that of tjie weights 
of the products (or substances obtained)/ 

Many simple experiments may be shown as demonstrati on a 
of this law. A beaker containing some water and a glass rod 
is placed on one pan of a balance together with some washing' 
soda on a watch-glass and some blue vitriol on a watch-glass, 
and the whole is counterpoised ; the blue vitriol is first 
dissolved in the water, and then the washing-soda, the solu- 
tion being stirred with the glass rod. Physical and chemical 
changes have then taken place ; the two solids h ive first been 
dissolved, and have then been chemically changed, ImUthe 
sum of the weights of the products is exactly the same as 
that of the original substances. 

The meaning of the word compound as used in chemistry 
should be very clearly understood. A compound is a sub- 
stance which is known to be composed of at least two 
elements; it may contain three or more. Two elements 
merely side by side are not a compound but either a mixture 
or a solution. The nature of mixtures and of solutions has. 
already been considered ; the components retain their own" 
specific properties and exist side by side, a slight variation in 
their relative quantities does not alter the properties of the 
mixture or solution perceptibly, and there is nothing fixed 
and definite about its composition. The conttit ueiitti of a 
compound do not retain their own specific properties ; they 
combine together in fixed proportions, forming a homo- 
geneous substance having properties totally different from 
those of its constituents. 

It does not necessarily follow that the components of a 
mixture are more easily separated from one another than 
are the constituents of a compound ; it is far more diffi- 
cult, for example, to separate the components of the 
heterogeneous mixture known as granite than to obtain 
copper from the homogeneous compound copper bxide* . 
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l>ut there is tin's very important difference between mix- 
tures ami com pounds : the former mity possibly be separated 
into their # components by simple physical processes which 
only cause changes in "state (p. 33); the latter can never 
be resolved into tlieir constituents by such methods, but 
must be decomposed ; that is to say, they must undergo 
chemical change. 

Chemical methods arc also far more generally useful than 
the simple physical methods already described for the sepa- 
ratum of the components of a mixture. Thus a mixture of 
sand 911 d copper powder could he separated into its com- 
ponents by placing the mixture in nitric acid, in which sand 
is insoluble As soon as all the copper had been chemically 
changed into copper nitrate, the solution would he filtered 
(p. 22) and the residue of sand washed with water (p. 30) ; 
the copper could then he recovered, as metal, from the 
filtrate by one of the methods already described. If these 
operations were carried out in order to identify the com- 
ponents of the mixture, the process would be called a 
qualitative (chemical) analysis; if the quantities of the 
^components were also determined, the operation would he a 
* quantitative (chemical) anaytsis . 

The identification of a substance is also, generally speaking, 
most conveniently carried out by examining its chemical 
properties — that is to say, by studying the definite or specific 
changes which the substance undergoes when it is brought 
into contact with other substances under certain fixed, condi- 
tions. Thus it is much easier to identify copper by placing 
it in nitric acid and thus obtaining a blue solution, which on 
evaporation, and ignition of the residue, gives a black powder, 
and so on, than by determining the melting-point or specific 
gravity of the metal. 

The chemical properties of a substance, although generally 
so ‘characteristic* (that is to say, different from those of 
other substances), cannot he regarded as attributes of the 
substknee itself but rather as those of a conjunction or 
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stjfitmi of two (or more) substances ; thus the formation of 
the compound coppefc oxide is just as much a properly 
of oxygen as of copper. r 


CHAPTER yilL 

Limestone, Chalk, Marble, and 
Calc-Spar. 

The gray * rock ’ limestone occurs in enormous quantities 
in the earth’s crust, forming in some, districts huge mountain- 
ranges. On examining some pieces of limestone, shells and 
fossils may he, seen embedded in it,, and it is probable that 
the great deposits of limestone in different parts of the world 
have, been formed from the remains of once living things. 
Although the pre- 
sence of such fossils 
does not necessarily 
make limestone a 
mixture, from a 
chemical point of 
view, it seems un- 
likely {hat a. mate- 
rial so produced 
should he nil the 
same substance. 

Limestone has 
been used from the 
very earliest times, 
and is used still, in 
making quicklime. 
are packed into a limekiln as shown (tig. 18), and a fire 
is then made in the chamber below. The limestone does 
not burn (although the process is often cnllecfr lime- 



Fig. 18 . 

For this purpose lumps of limestone 
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burning), but is merely strongly boated ; when the lire lias 
died down, the ljiln is allowed to coof and the contents are 
then drawn»out. 

The product, quicklime, is still in lumps, showing that the 
limestone lias not been melted, and looks vjry like the 
original material ; when, however, water is slowly poured oil 
pieces of limestone and 4 »f quicklime, a great difference in 
behaviour is noticed. The water merely runs off the lime- 
stone ; the quicklime sucks the water up, as does u dry 
sponge, and is evidently very j Mirons. As much cold water 
liavingebeon added as the quicklime will rapidly absorb, it is 
seen that after some time, which varies greatly with diiferent 
samples, the quicklime begins to steam, and cracks, often 
with considerable violence.* These changes gradually become 
more noticeable, and finally, instead of a lump of quicklime, 
there remains a bulky, dry, hot powder — so hot, indeed, that 
a little gunpowder or a few lueii'er-matelies thrown on to it 
may take fire. This process is called ‘ slaking , the quick- 
lime, and the product is called staked lime . 

It is clear that the limestone has been changed in the kiln. 
What has happened to it? Hus it lost water of hydration 
(p. 38), or lias it taken up something from the air, as 
copper does (p. 48), or something from the coal? Quanti- 
tative experiments show that limestone does not take up 
anything when it is strongly heated alone in a crucible over 
the blowpipe flame (p. 7); in fact, a distinct hm in weight 
occurs. As no risible change takes place, it seems that 
something invisible escapes. How can it be known when the 
change is complete? l>y heating until the weight becomes 
constant (p. 23). The result of such an experiment shows 
a loss in weight of, say, 43 to 44 per cent., and the product 
seems to be identical with quicklime produced in the ordinary 
way, since it gets hot and gives a dry powder when a little 
cold water is poured on it. 

Is the loss in weight due to the escape of water vapour? 

* Care should be taken that pieces do not fly into the eyes. 
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If so, slaked limn might be identical with limestone. How 
can it be ascertained whether these two materials are identical 
or not? By examining their specific properties. , 

Now limestone seems to be insoluble in water; slaked lime 
also does not seem to dissolve. When, however, quantitative 
experiments' arc made (as. with common salt, p. 23), it is 
found that there is some difference between the two. Distilled 
water which has been saturated with limestone at ordinary 
temperatures (and then filtered) docs not give any appreci- 
able residue (only 0*001 g. from 100 g. of solution), but, the 
residue obtained from the same quantity of a filtered satu- 
rated solution of slaked lime is about 0*17 g. Although 
these solubilities are very small, if it were known that the 
limestone and slaked lime were both pure substances, and 
that there really was this difference in solubility, this fact 
would he sufficient to prone that the two substances are not 
identical ; but bearing in mind that limestone is a natural 
mineral, which has not 1 ku*ii purified (p. 33), and which might 
he a heterogeneous mixture, the larger quantity of soluble 
material obtained from the slaked lime might he nothing hut 
some chance impurity in the particular sample of limestone 
from which the slaked lime had been made. 

A very curious difference between limestone and slaked 
lime, however, would almost certainly he observed in making 
these solubility determinations — namely, that the water filtered 
from the former remains clear, while the clear solution of the 
latter becomes turbid (milky) on keeping it in an open vessel, 
owing to the separation of a white solid substance. The 
reason of this will he considered later. 

The results of these experiments having been inconclusive, 
the limestone and the slaked lime may be examined or 
‘tested 1 in some other way; for example, their behaviour 
with hydrochloric acid * (p. 39) may be studied. 

Now when limestone and slaked lime are placed separately 

* The commercial acid is 1 diluted ’ with 4 to 10 volumes of water before 
ose in these experiments. * 
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in this acft, both rapidly disappear; but whereas a great deal 
of bubbling (effervescence) is observed ifi the case of the lime- 
stone, there is rtone in the case of the slaked lime.* Tlio 
escaping bubbles consist of an invisible gas. Does this gas 
come from the limestone or from the hydrochloric acid ? 
As limestone loses something when it is changfrd to quick- 
lime, and as neither quicklime nor slaked lime gives any gas 
with hydrochloric acid, it* seems reasonable to conclude that 
the matter which is lost when limestone is heated is the same 
invisible gas as that which causes the effervescence. In 
order to try to settle this point, some powdered limestone 
is •strongly heated with the blowpipe flame (p. 7) in an 
angle-tube f (fig. 15, p. : it is then found that a gas in 
given off, and in consequence there is of course a loss in weight. 

Now as limestone can hardly be a mere mixture ol’ quick- 
lime and gas, it is probably a tampa/wd, or at any rate it 
contains a compound (there is no evidence yet that it is not 
a mixture of two or more compounds) which is broken up or 
decompos'd at a high temperature. 

Leaving the inquiry at this stage, some properties of certain 
other white or gray materials which arc* found in the earth 
tnay bo considered. Of these chalk is one of the best known. 
It is found in huge beds in various parts of the world (e.g. 
the cliffs of Dover), and is generally white and softer than 
limestone; it is friable and will rub off on to the fingers. 
When examined under the microscope it is seen to consist of 
fossil remains of very small marine animals (foruminifera), 
and it is believed that all the immense deposits of chalk 
were originally formed under water by the accumulation of 
these animal remains. 

When chalk is strongly heated it loses in weight (43 to 44 
par cent.), a colourless gas escapes, and the product is a 
colourless solid which behaves like quicklime ; chalk, like 

* If the quicklime has not been properly prepared the slaked liuie will 
contain sotue limestone, which of course will cause some effervescence. 

t A silica tube (p. 293) may be employed in this experiment. 
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limestone, is insoluble in water, but it dissolves clumiically in 
hydrochloric acid with, effervescence. From this similarity 
in chemical properties, it might be concluded tliat # chalk and 
limestone are the same compound, oV at any rate contain the 
same compound. 

Marble is ‘another material well known by sight ; generally 
white, sometimes brown or black, it often looks heterogeneous, 
and is marked with veins and with patches of different 
shades; it is harder than chalk or limestone, and can be 
polished ; when a piece is broken, the rough surface (fracture) 
glistens in parts and seems to be crystalline . 0 

When marble is strongly heated it loses in weight (43 *to 
11 per cent.) and an invisible gas escapes ; the "rag due, 
although it may not always look like quicklime, behaves like 
the latter when water is added to it. Marhle is insoluble in 
water, hut it dissolves chemically in hydrochloric acid with 
olfoLvoscence. From these facts it might he inferred that 
marhle is, or contains, a compound identical with that present 
in limestone and chalk. 

(iypsum, kaolin (or China-clay), and many other materials 
which look rather like marble or chalk are found in the eartl^ 
hut examination shows at once that they differ from lime* 
stone, chalk, and marble in properties; thus when gypsum 
or kaolin is heated, it merely loses water (no gas) and the 
residue is quite different from quicklime ; further, gypsum 
and kaolin do not give a gas when placed in hydrochloric acid. 

In limestone districts there is often found a beautiful 
mineral which is called rale-spar, ralrife , or Ireland spar ; 
this mineral forms glistening transparent crystals , and looks 
very different from limestone, chalk, and marble. And yet 
it behaves, chemically, very like them. When strongly 
heated it loses in weight and gives quicklime ; when placed 
in hydrochloric acid it disappears and gives an invisible gas. 

Now as calc-spar is crystalline and therefore probably a 
pure substance, it may be used for some further quantitative 
experiments ; it hardly seemed worth while to make* many 
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such experiments with limestone, &c., as the purity of the 
materials was so very doubtful.* t 

Such experiments show that when calc-spar is heated until 
constant, it r loses 44*0 per cent, in weight and gives 56*0 per 
cent, of quicklime. Differ rut samples of calc-spar from various 
parts of the world can be easily idea tilled by Lb (fir crystalline 
form and other properties ; experiments show that every 
sample of calc-spar loses exactly 44 per cent, of gas and gives 
exactly 56 per cent, of quicklime. It is thus proved that 
calc-spar is a compound and Unit it is pare, otherwise it would 
not Yiave a ffxed enmposil ion. Different samples of limestone, 
chalk, or marble do not give a iixod loss in weight, but the 
percentage varies from, say, 13 to 44 ; therefore, although 
qualitative and quantitative experiments show that these 
materials probably consist aim net entirely of the same com- 
pound .as calc-spar, yet if so, they must he impure. Hence it 
might he inferred that the difference in colour between white, 
brown, and black marble is due to the impurities. 


CHAPTER IX. 

Carbon Dioxide. 

The ".as which is given off, emir ml, or liberated when lime- 
stone, chalk, marble, or calc-spar is placed in hydrochloric 
acid may now he studied.! For this purpose some lumps of 

* Even if limestone were a very heterogeneous mixture (p. 27), it would 
be possible, of course, by merely grinding it to a fine powder to obtain a 
sample sufficiently ‘intimate’ to give constant results. But such results 
would not have any inner id value, because other samples of limestone from 
different portions of the rock material would probably give different 
results. 

f One of the commonest operations in chemistry is to bring on© substance 
(solid, liquid, or gas) into contact with another in order to obtain one or 
more new substances. This may be don** ill various ways, and the result 
may depend entirely on the conditions under which the experiment is 
carried out. When, however, it is unnecessary to specify theso conditions 
and a mere bringing together gives the des.red result, the one subetauoe is 
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limestone are placed in a Woulff’s bottle fitted up la shown 
(fig. J9) with 11) i*tle fiymel (a) and deliver y-tuhe (/>), the free 
end of the latter passing through a ‘beehive* (e) * which 
is immersed ill 
water contained a, -fir, 
in a suitable 
basin (pnemna- 
liv irouijli). A 
lit Mo water is 
first poured in, 
until the lower 
end of the 
thistle funnel 
is covered, and Fig. 19. 

thcin some hy- 
drochloric acid; the gas which is liberated mixes with and 
gradually drives out the air in the flask. When, judging by 
tin*- volume of gas which has escaped, most of the air has 
been expelled, a glass cylinder (gas-jar) tilled with water 
is closed with a glass plate, placed upside-down on the 

said to be ‘ treated with’ the other. The question may then arise, wha^ 
quantities of the different, substances art* to be used ? For example, how"' 
lunch limestone and how much acid should he taken in preparing this gas? 

Obviously this depends on the quantity of gas required; since limestone 
gives an approximately constant quantity of gas, more than this cannot be 
obtained from it. If, then, a small piece, say 2 g., is taken to start with, a 
rough idea of the volume of the gas obtained from it, using sufficient acid, 
may he formed; the experiment may then ho repeated on a larger scale 
with the necessary quantity of limestone. But how much acid should be 
added ? This again is a matter for experiment. A little (1 drop, 5 drops) 
is first poured down the funnel ; if this causes only a slow and slight 
evolution of gas, a little more is added, and so on ; when all the limestone 
has disappeared the addition of more acid, of course, is useless. 

It should always he borne in mind that the vita tire quantities of two (or 
more) pure substances which take part in a chemical change are so 

that if one of them is used in disproportionate quantity [e.reesn) it is wasted 
(unless this excess is required for some special reason!. 

* The ‘beehive* or ‘beehive shelf ’ (/■) is a shallow earthen wn re vessel 
having an opening at the side through which the delivery-tube (M passes, and 
an opening in the- centre of the top through which the gas rises into fcne jai. 
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‘beehive/ and the plate removed; the bubbles of gas then 
rise in the jar and displace the water. This is a common 
method of collecting a gas, which is then said to lx? collected 
over water , or by the "displacement of water; a gas thus 
collected may contain air, and will certainly contain aqueous 
vapour, but as a rule' this is of no consequence tvlien the gas 
is required for tjuaHtntive experiments only. 

When the iirst jar is tilled its mouth is closed (under 
water) with a glass plate, anil the jar is then placed on the 
tabjp or left on one side in the trough, another being placed 
on the beehive as before. Several jars are thus filled. The 
raTe at which the gas is evolved may be regulated by diluting 
the poid with water or by adding more acid as circumstances 
may require. 

The invisible gas thus prepared has no distinct smell or 
taste,* but it produces a slightly pungent or tingling sensation 
when inhaled or when a stream of it plays on the tongue. 
When a lighted taper is put to it the gas does not take lire, 
and on pushing the taper down into the gas the taper is 
extinguished, just as quickly and completely as if it had been 
( i dunged into water. The gas, therefore, cannot he onthmn/ 
air; as it was once //.m/ in limestone, it was called Mixed 
air’ by IJIack (1755) ; it is now known as carbon dioxide. 

It is common knowledge that some gases are lighter than 
air, otherwise balloons would not rise. Now carbon dioxide 
is heavier than air; when a jar of the gas is left open, mouth 
upwards, for a minute, the gas does not all escape, as can lie 
shown with a lighted taper (which is extinguished); when, 
however, the jar is held upside-down for a minute the heavy 
gas falls out, and then a lighted taper placed in the jar 
continues to burn. This heavy gas may also he poured from 
one vessel to another; when a lighted caudle is placed at the 
bottom of a large beaker and a jar of the gas is emptied into 
the beaker (just as if water were being poured), the candle 

* As many gases and other substances arc: highly poisonous, they should 
only be inhaled or tasted in specified cases. 

( 
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goes out. Two large beakers may also be counterpoised on a 
balance and carbon dioxide poured into one of them ; the air 
is then displaced by the heavier gas, and down goes that side 
of the balance. It is clear from Jdiese experiments that 
carbon dioxide is heavier than air, and consequently that 
different gasgs have different densities;* the density of 
carbon dioxide is 22. 

Many other beautiful experiments may he shown with carbon 
dioxide on a large scale ; it may he poured down cardboard funnels 
into cardboard or glass gutters, its 
passage being shown by the ex- 
tinction of lighted candles. A 
si, ream of it may he led to the 
bottom of a large glass cylinder, 
the gradual filling being shown by 
the extinction of a number of 
lighted candles fixed at different 
heights from the bottom. Soap- 
bubbles and balloons filled with 
air may he iloated on the gas ; 
petroleum, Ac., burning on a plate 
in a shallow l)ox may he ex- 
tinguished. 

A convenient form of apparatus 
for the preparation of carbon 
dioxide ami of other gases which 
are liberated by the action of a 
liquid on a solid at ordinary tem- 
peratures is shown in lig. 20 { Kipp’s 
apparatus). The limestone, marble, 
or other solid is placed in the 
middle chamber (ft). The tap (d) being open, the acid, or other 
liquid, is poured into the upper chamber (</) until the bottom 
chamlier (c) is entirely and the middle chamber (ft) is partly filled. 
The gas escapes from the tap (r/). When a sufficient quantity of 
the gas has been obtained the tap {d) is closed, and the liquid in 
the chamber (ft) is then fore'ed into the lower and upper chambers 
by the pressure of the gas; the liberation of gas then ceases until 

* Tho density (or sp. gr. ) of a gas is the weight of the gas compared with 
that of an equal t>olume of some standard gas (hydrogen) under the same con- 
ditions (p. 1(H)). In most cases the value is given to the nearest whole number, 

liior* B • 



Fig. 20. 
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the tap (/ ) is opened again, so that the apparatus is always ready 
for use. When the materials are spent the solution is emptied by 
removing the stopper (<?). * 

Carbon tjioxide is sold in steel cylinders (fig. 24, p. 72). The ga? 
is forced into the cylinders under great pressure, and escapes on 
the valve being opened. 

As carbon dinxidb is so much heavier thaiTair, it may be 
collected in another way. The delivery-tube (/>, fig. 21) is 

passed to the bottom of a dry 
gas-jar ; when the gas is evolved 
it displaces the lighter air, 
and by testing with a lighted 
taper the gradual tilling of 
the jar cun be easily followed. 
This method is called collect- 
ing by the upintrd disjrfaccmr/it 
of air; the gas thus collected 
may contain air, and having 
been produced in contact with 
pig 21. water, it also contains aqueous 

vapour. 

When an open cylinder which has been filled with carbon 
dioxide is left for some time in the pneumatic trough, it is 
seen that the water-level rises gradually ; some of the gas has 
dissolved in the water. Further, if a stream of the gas is 
passed into a long glass tube, closed at one end, and, after a 
little water lias been poured in, the tube is closed with the? 
thumb and well shaken, on putting the mouth of the tube under 
water and removing the thumb, the water immediately rises.* 
A stream of the gas bubbled through some distilled water 
gives a solution of the gas, which lias a rather sharp (acid) 
taste, which corrodes some metals, such as iron, and which 
changes the colour of blue litmus to a dull red ; when this 

* Tlie solubility (or absorption co-efficient.) of this ami of many other gases 
may be expressed by stating the volume of the gas which is dissolved by 
100 volumes of water under given conditions ; at 0° the solubility of carbon 
dioxide is 179, at 15“ only 100. j 
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solution is heated the gas is expelled, and it is a general rule 
that the solubility of a* gas diminishes as the temperature rises. 

A rough examination of this (possibly impure} gas having 
been made, the next question to consider is whether the gas is 
one substance or a mixture ; it is necessary, therefore, to ascer- 
tain whether the specific properties of the gas are fixed and 
constant. For this purpose the gas must lirst be purijicd as 
far as possible, because it would be useless making quantita- 
tive experiments with a substance which is certainly impure. 

Now it is known that the gas contains aqueous vigour 
and may be mixed with air; as hydrochloric acid is volatile,* 
the gas may also contain this acid, llow may these impuri- 
ties 1 c removed *2 # % 

Hydrochloric acid (gas) is very readily soluble in water; if 
the carbon dioxide is bubbled through a lilf/e water contained 
in the vuish-holila (lig. 22), this impurity is 
dissolved in and retained by the water. 

This process is called * wash i mi* the gas 
with water, and such a process is very 
often used to separate readily soluble 
vapours or gases from those vliich are 
less soluble. 

The water vapour may be removed by 
] mssing the washed gas through a porous 
mass of some hi/f/rosrojt/r substance (p. .‘IS) 
contained in a suitable tube (drying-tube) ; 
coarsely powdered anhydrous copper sul- 
phate (p. 38) might be used for this pur- 
pose, but several better substances are known, as, for 
example, anhydrous calcium chloride (j>. 38), sulphuric acid 
(p. 3D), and phosphorus pentoxido (p. 8 fig all of which are 
very hygroscopic. 

Tlie air (atmospheric) contained in the gas cun not be easily 
fixed and removed by using any absorbing solution or 

* Hydrochloric acid is a solution of a jras (p. 143), and this gas may 
escape from the solution if the latter is verj concentrated. • 
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material, f>ut if plenty of gas is allowed to flow through the 
whole apparatus before collecting, the .sample should be free 
from air. • 

When tlTe gas has tlms been dried, obviously it would be 
absurd to collect it over water ; it is therefore collected over 

mcrcurtf — that is to 
say, the jars and 
trough contain dry 
mercury instead of 
water— or the stream 
of pure gas is passed 
into an apparatus such as that shown (lig. 23) until all the 
air is expelled, and the taps are then closed. 

jftie probable or suspected impurities having been re- 
moved, is the gas now a (pure) substance or a mixture,? 

This question may be answered by applying the same 
principles as those considered in the case of solid and liquid 
substances — that is to say, by finding whether the specific 
properties (physical and chemical) of tlie gas are or are not 
constant. The solubility of different samples of the gas may 
be determined;* this specific property is found to be. con- 
stant. The density (p. G~j) may be determined. The method 
used will be indicated later (p. 159), and it u ill be shown that 
in weighing any gas .special corrections have to be made ; 
when this is done, it is found that under certain fixed condi- 
tions (p. 159) the weight of a litre of different samples of 
pure carbon dioxide is always 1*98 g., and its density 22. 

Now since different samples of the purified gas from lime- 
stone have exactly the same solubility and the same density, 
it may be concluded that the gas is not. a mixture; if it were, 
it is most unlikely that all samples would contain exactly the 
same proportion of the components. 

h nrther, when different samples of the gas obtained from 
limestone, marble, chalk, or calc-spar, either by heating or by 

I lie determination of the solubility of a gas requires special apparatus, 
which peed not be described. 
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the fiction of hydrochloric acid, are examined, it is found that 
tins samples have exactly the same solubility and the same 
density ; this fact shows not only that the # samejgas (carbon 
dioxide) is obLained in all cases, birt also that the gas is a 
definite, substance of fixed properties. This conclusion is 
fully corfirnfcd by an examination of the chemical properties 
of the gas. 

It will be shown later (p. 115) that carbon dioxide is a 
compound composed of two elements, carbon and oxygen. 


CHAPTER X. 

The Synthesis of Calcium Carbonate. 
Sodium Carbonate and Sodium 
Hydroxide. 

As calc-spar is a pure substance, when it is completely 
decomposed by heat the remaining quicklime should also be 
a pure substance, and also the slaked lime prepared from it. 
This is a very important general principle which should bg 
carefully considered. * 

Further experiments may now be made to see whether 
there is really any difference, in solubility between calc-spar 
and slaked lime, using some quicklime prepared from calc- 
spar in making the slaked lime. It is thus found by special 
methods that there As* a difference ; the calc-spar is insoluble 
in water, whereas the slaked lime is slightly soluble (its 
solubility is 0*17 at 15°). The solution of slaked lime is 
called Ihm-icuter ; a thin paste of lime-water and undissolved 
slaked lime is called milk of lime. 

In determining the solubility of slaked lime by the ordinary 
method (p. 23) it is noticed that the clear (filtered) solution 
becomes milky or tttrhid while it is being evaporated, and 
that the residue from, sav, 100 g. of saturated lime-water is 
no longer soluble in 100 g. of water; therefore the Slaked 
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lime imiM have changed. Further, if some lime-water he 
left exposed to the air for some time; a crust forms at the 
surface; on testing tin's crust or deposit with hydrochloric 
acid, it oHervesces and •gives carl ion dioxide. What is the 
explanation of this? The slaked lime in solution seems to 
have absorbed and •combined with some ciu4>on dioxide, 
which can only have come from the air. 

Instead of leaving the lime-water exposed to the air, some 
lime-water may he poured into a gas jar containing carhon 
dioxide; on shaking, a solid is iirrvipihtlnl, causing the liquid 
to look ‘milky . 7 In order to prepare a huger quantify of this 
solid, a stream of (washed) carhon dioxide may he slowly 
bubbled* through a large volume of lime water for a few 
moments:* the precipitate is then separated by liltration, 
washed, dried at 100°, and examined. It is found to have 
the following properties: it is insoluble in water; it is 
decomposed when healed, giving carbon dioxide and quick- 
lime; it gives carbon dioxide when treated with hydrochloric; 
acid ; it is constant in composition, and every sample thus 
prepared loses 44 per cent, of gas and gives 56 per cent, of 
quicklime. This precipitate, therefore, is identical with cnlc- 
•spar in composition ; it must he the same compound as 
calc-spar; the only dillormoo between it and calc-spar, no 
matter what test is applied, is a dill'eroncc in the utzp of tlm 
crystals; if calc-spar lie ground to a tine powder, even this 
slight and chemically unimportant difference, (p. 28) vanishes. 

The compound which occurs in nature in a pure, state as 
the mineral calc-spar, and which can also he produced from 
slaked lime and carhon dioxide as shown above, is called 
calcium carbonate. 

►Since calcium carbonate is composed of quicklime, and 
carbon dioxide, how can it be formed from slaked lime 
and carbon dioxide when quicklime and slaked lime are not 
identical? In order to clear up thw difficulty the relation 

* Tlit* precipitate may disappear if the gas is passed for some time, 
bi'CAWMcit is then changed into a soluble substance (p. 272). 
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between slaked lime and quicklime must ho considered. 
Slaked lime is formed' when water is added to quicklime; 
it seems, therefore, that quicklime combines with water. 
Quantitative experiments confirm this conclusion. 

When a weighed quantity of quicklime is ‘slaked* with 
plenty of water, and the wet slaked lime is then dried at 
100°, some of the added water passes away as steam, but a 
fixed quantity remains in the slaked lime after heating at 
100° until the residue is constant in weight (p. 23). 56 g. 

of quicklime always give 74 g. of slaked lime. • 

The water which thus remains cannot be moisture fc 37) : 
it cannot he merely mixed with the quicklime ns liquid water. 
Slaked lime, therefore, is quicklime which has combined with 
water to form a compound, known as calcium hydroxide, 
which di tiers altogether in properties from either of its con- 
stituents.* When calcium hydroxide (74 g.) is very strongly 
heated (at about 530°) it decomposes, giving quicklime (56 g.) 
and water (18 g.). 

Now since slaked lime (calcium hydroxide) and carbon 
dioxide form calcium carbonate (a compound of quicklime 
and carbon dioxide only), it must be concluded that when 
calcium hydroxide is treated with carbon dioxide, water is 
formed, as well as calcium carbonate. That this is so may he 
shown by passing dry carbon dioxide over dry slaked lime 
which is heated at 100°. 

For this experiment sonic calcium hydroxide, dried at 
100° (until constant), is placed between plugs of dry cotton- 
wool in tlie inner tube (a) of a Liebig’s condenser (lig. 24), 
and heated at 100° by passing steam from (b) through the 

* Although calcium hydroxide in formed from quicklime and water, it 
‘Iook not contain water as snrft ; that is to say, there is no liquid in it, just 
as there is no gaseous carbon dioxide in calcium carbonate, no gaseous 
oxygon in copper oxide. The matter of which water consists is completely 
changed in properties when it enters into chemioal combination. The 
^ater formed by decomposing calcium hydroxide is not regarded as water 
°f crystallisation or hydration (p. 37) for reasons which will bo discussed 
Inter. • 
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outer jacket. A slow stream of carbon dioxide (from the 
steel cylinder, c) is then passed through the slaked lime, 
the gas heving been lirst led through the drying-tube (d), 
which contains anhydrous calcium chloride (p. 38). After 
some time a liquid which can be identified # as water col- 
lects in the cold receiver (e), and if the solid in the inner 
tube is afterwards examined, it can be identified as calcium 
carbonate. 

If a weighed tube containing anhydrous calcium chloride is 
attached to the outlet of the tube (a) and all the water 



produced is driven into it, the experiment may be made 
quantitatively, using, of course, a weighed quantity of slaked 
lime and cjrrm of dry carbon dioxide ; it is then found that 
74 g. of slaked lime (and 44 g. of carl ion dioxide) give 100 g. 
of calcium carbonate and 18 g. of water. 

As calcium carbonate is a compound of quicklime and carbon 
dioxide, is it possible to produce Ibis compound from its two con- 
stituents? When some thy cat lion dioxide is confined over 
mercury in a tube, and some pieces of (try quicklime arc pushed 
under the open end of the tube, although the quicklime rises and 
comes into contact with the gas the volume of the latter docs 
not diminish appreciably even in the course of some hours. Hence 
combination does not occur at ordinary temperatures. 
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The fact that calcium carbonate is a com pound \as now 
been proved in two different ways : firstly, by decomposing 
it into two different • substances ; secondly,* by forming it 
(together with water) from two different substances. 

The first of these methods, the breaking up of a compound 
into different substances (elements or siifipler compounds), is 
termed analysis; the second method, the production of a 
compound from its constituents (elements or simpler com- 
pounds), is called synthasis. 

The results of such analytical and synthetical quantitative 
experiments with calcium carbonate and calcium hydroxide 
may be summarised as follows : * 

Calcium carbonate gives Quicklime ami Carbon dioxide. * 

100 g. 56 g. 44 g. 

Quicklime and Water give Calcium hydroxide. 

56 g. 18 g. 74 g. 

Calcium hydroxide + Carbon dioxide = Calcium carbonate + Water. 

- 74 g. 44 g. 100 g. 18 g. 

Since all these compounds are fixed and definite in com- 
position, and the figures given above* express their quantitative^ 
relationships, it is a simple matter to calculate the weight* 
of, say, quicklime, which would be obtained from any given 
quantity of pure calcium carbonate or slaked lime. Examples 
need hardly be given. 

All the changes summarised above are further illustrations 
of chemical change - decomposition or combination; they also 
aflord further evidence of the indestructibility of matter, and 
of the constant and fixed composition of compounds. 

It has been stated, but without giving experimental evidence, 
that carbon dioxide is a compound of carbon and oxygen ; 
quicklime is also a compound of two elements, calcium and - 
oxygen, and is culled calcium oxide. These two compounds 
will he referred to later. Calcium carbonate, therefore., is 
itself a compound of three elements, calcium, carbon, and 

oxygen. • 
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Betnnifng once more to limestone, marble, anti chalk, it 
has been stated that when these materials are heated they all 
give carboy dioxide, but the loss in weight is not constant, 
and varies from about 4€ to 44 per cent. 

The residue in nil cases behaves like pure quicklime (p, 69), 
and slakes with water ; hut when the slaked liflie from, say, 
limestone is treated with water it does not dissolve com- 
pletely , even when far more water is added than is known 
to he required for the solution of an equal weight of pure 
slaved lime. A part of the material, perhaps only about 
0-5 per cent., is imoluhln in water, and can be separated by 
filtration ; this part mu nut bo slaked lime ; the limestone, 
thorjjfofc, contained some, impurity, something which is not 
calcium carbonate. The same conclusion is arrived at by 
testing limestone with hydrochloric acid; as a rule, the lime- 
stone does not disappear entirely, but n small quantity of 
some insoluble residue, which, therefore, cannot l)e calcium 
carbonate, remains. Similar results are observed when marble 
and chalk are examined by these methods, but the percentage 
of impurity is generally smaller than in limestone. 

Here, then, is the explanation of the fact that these materials 
•are not absolutely constant in composition ; they are all impure 
calcium carbonate, and the percentage of impurity varies. 
By converting into quicklime, treating with water, and then 
bubbling carbon dioxide through the filtered solution of the 
calcium hydroxide, a pure substance of fixed composition, 
namely, calcium carbonate, is obtained; by this treatment 
the impurities in the. limestone, marble, or chalk are removed, 
and the pure compound is isolated by chemical methods. 

Calcium carbonate is a component of several naturally 
occurring materials in addition to those already mentioned, 
Coral , which occurs in enormous quantities, forming coral- 
reefs, in some tropical seas, ami which is the 1 skeleton 9 of 
the coral polyp, consists principally of calcium carbonate, as 
do also those beautiful mineral formations known as stalactites 
and stalagmites (p. 273). Pearls, egg-shells, and the shells of 
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ninny aquatic animals also contain a large proportion of^alcium 
carbonate. Arayonile , a transparent mineral, found in small 
quantities, is pure calcium carbonate ; it differs fjom calc- 
^par in crystalline form, specific gravity, and some other 
physical properties.* 

Dolomite, a •material wliiclv forms vast mountain-ranges 
(‘the Dolomites’ of the Tyrol, &e.),. consists principally of 
a mixture of calcium carbonate and a very similar compound 
known as matjnenium carbonate . 

The case of calcium carbonate may indicate the manner in 
which natural materials arc examined and classified chemi- 
cally — how it is proved that several apparently different* 
minerals consist almost entirely of one definite substance. 

Sodium Carbonate and Sodium Hydroxide. 

From very early times the cleansing properties of the aslies 
of plants have been known and utilised, and several sub- 
stances which bad this and other properties in common came 
to be classed together as alkalis (alkali, the ash). These 
alkalis were found to change the colour of certain vegetable 
dyes, and also to have a burning or caustic action on animal 
and vegetable matter. Quicklime (or slaked lime) which was 
very vigorous in its action was called a caustic alkali , whereas 
sodium carbonate (p. 35) and potashes (a material obtained 
from the ashes of land plants, p. 276) wore termed mild alkalis ; 
the latter effervesced when placed in acids, and in this respect 
behaved like limestone (calcium carbonate), so that this sub- 
stance was also regarded as a mild alkali ; it was also known 

* This statement that pure calcium carKmate exists in two forms (calc- 
spar and aragonite) which diffn* in physical properties seems to contradict 
what lias already been said as to the specific properties of a substance being 
constant. Jhit just as changing to ice at. 0 n is a specific property of water, 
no the possibility of crystallising in one of two forms is a specific property of 
calcium carbonate. The crystals of calc- spar and of aragonite are composed 
of identical particles of matter, hut, the a mtuannent of those particles is 
different in the two cases ; this difference in arrangement causes differences 
in specific gravity (and other properties) of the crystals as a whole. • 
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tliat when quicklime was added to a solution of a mild alkali, 
such as potashes, the latter became caustic and no longer 
effervesc^ witli an acid. ! 

Jlcfore 1755 it wa£ supposed that the mild alkali, lime* 
stone, became the caustic alkali, quicklime, by absorbing ‘fire- 
stuff’ in the process of burning; but in that year lllack 
proved that the change was due to the ftnw of some gas 
(Mixed air,’ j>. Gi). lie also showed that this gas was con- 
tained in other mild alkalis, and could he transferred from 
tl^em to quicklime (calcium oxide), the mild alkali becoming 
caustic, the quicklime being converted into calcium carbonate. 
* This change may now he studied ; but instead of using 
qujckfimc a clear solution of calcium hydroxide, may he em- 
ployed, as the ‘ reaction ’ is then more easily observed. On 
mixing clear solutions of lime-water and sodium carbonate 
a slight precipitate is produced ; * when this is separated by 
filtration, washed, and dried, it is found to be identical with 
calcium carbonate. The matter of which carbon dioxide is 
formed must have been taken from the sodium carbonate by 
the calcium hydroxide. What else has been formed? 

In order to answer this question the filtrate from the 
calcium carbonate* must be examined; but it is obvious that 
it would be useless to simply mix indefinite quantities of 
lime-water and sodium carbonate together, because since 
quicklime (or calcium hydroxide) combines with a Ji.rett 
weight of carbon dioxide, unless the substances are used 
in the required proportion, the Jiltiutc must, contain either 
unchanged calcium hydroxide or unchanged sodium car- 
bonate, in addition to any new substance which may have 
been formed. What quantities, then, shall be taken? 

It is known that 74 g. of calcium hydroxide combine with 
44 g. of carbon dioxide, giving 100 g. of calcium carbonate 
and 18 g. of water, so that if the percentage of carbon dioxide 

* As the solubility of colei inn hydroxide in very small (p. 60), only a small 
quantity of precipitate can be pioduccd unless a very largo volume of lime- 
watef in used. 
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in sodium carbonate were also known it would be possible 
to calculate the required proportion of slaked lime and sodium 
rarbonate, assuming that all the carbon dioxide«iu the sodium 
carbonate passes to the quicklime. » 

Now when hydraled sodium carbonate is gently heated 
it loses all its* water of hydration (p. 38), but it does' not 
decompose and give olf carbon dioxide as does calcium car- 
bonate ; hence the quantity of carbon dioxide contained 
in the (anhydrous) crystals 
must be estimated in a dif- 
ferent manuer from that used 
in the case of calcium carbonate. 

For this purpose a weighed 
quantity (say 2 g.) is placed 
in a flask (tig. 25) titled with 
a calcium chloride tube (a), 
and containing some water and 
a small tube (/') partly tilled 
with diluted hydrochloric acid. 

The whole apparatus is iirst 
weighed, and then by tilting it 
carefully a little of the acid 
is caused to flow into the sodium carbonate solution; the 
liberated carbon dioxide passes through the calcium chloride 
tube (it cannot pass through the tube r), and the dried gas 
escapes. When the effervescence has subsided the apparatus 
is again tilted carefully, and this process is repeated until 
all the sodium carbonate has been changed. Dry air is then 
passed through the tube (<*) to displace all the heavy carbon 
dioxide, and the apparatus is weighed again. The loss in 
weight gives the weight of the carbon dioxide which is 
obtained from the given weight of sodium carbonate. 

Accurate experiments show that 106 g. of anhydrous sodium 
carbonate must be used to supply 44 g. of carbon dioxide, 
which is the quantity required to convert 74 g. of calcium 
hydroxide into calcium carbonate (p. 73). # 
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Dry*slaked lime and anhydrous sodium carbonate in the 
proportion of 74 to 106 parts by weight ($ay 7 ’4 to 10*6 g.) 
are now placid together in a flask with some water (say 
250 c.c.), and after being warmed gently for some time* the 
solution is filtered from the calcium carbonate which has 
been formed. If 4,he experiment has been (Cone accurately, 
the filtrate gives no effervescence on testing a portion with 
hydrochloric acid, and no precipitate on testing another 
portion with a solution of sodium carbonate ; these tests 
prove that the filtrate contains neither sodium carbonate 
nor calcium hydroxide. 

r When such a filtrates is evaporated on a water-bath it gives 
a syrip, which does not yield a solid residue until after it has 
been strongly heated f in a silver or iron basin and then 
cooled; this solid is the caustic alkali, and is now called 
sodium hydroxide, (or caustic soda). 

Sodium hydroxide is deliquescent (p. 38) and very readily 
soluble in water, its solution having a soapy feel ; it is a 
very violent or active substance, and burns the skin and 
decomposes nearly all animal and vegetable matter ; it even 
attacks glass and earthenware at high temperatures, hence 
the use of a silver basin. Soaps are made by boiling vege- 
table oils with sodium hydroxide (p. 2711). 

'When a solution of sodium hydroxide is passed up into 
a tube containing carbon dioxide confined over mercury, the 
gas is rapidly and completely absorbed, provided that it 
is pure and enough sodium hydroxide is used; the gas is 
not expelled again when the solution is boiled, as it is from 
its aqueous solution, because it lias combined with the sodium 
hydroxide, giving sodium carbonate and water, just as it com- 
bines with calcium hydroxide, forming calcium carbonate and 

* As no visible result occurs, and it is impossible to see when the change 
is complete, it is advisable to leave the two substances together for some 
time, and to hasten the reaction by warming ; the fiitrato is then tested as 
described above. 

f Great care should be taken that the solution does not spirt into the 
face* while it is thus being heated. 
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water (p. 72). A mixture of sodium hydroxide anfi calcium 
hydroxide which has been strongly heated to dry it thoroughly 
is very porous, and is often used to absorb icarbou dioxide ; 
such a mixture is known as aotla-lime* 

When a solution of sodium hydroxide or calcium hydroxide 
is added in sufficient quantity to some litmus which has been 
reddened by an acid, the colour again changes to blue; that 
is to say, the effect of the acid on the dye is ‘neutralised/* 
Several compounds similar to sodium hydroxide and calcium 
hydroxide in chemical properties are known ; as, for example, 
potassium hydroxide (caustic potash), a compound which may 
be obtained from potashes (potassium carbonate), just askodium 
hydroxide is obtained from sodium carbonate. The term alkali 
is now restricted to substances of this type (p. 253). 


CHAPTER XI 

Oxygen. 

• 

When copper is heated in the air a black substance, copper * 
oxide, is formed (p. 4G) ; the weight of this product is 
greater than that of the copper from which it is obtained, 
because the metal combines with some matter from the air. 

Now many metals behave like copper in this, that when 
heated in the air they slowly change, lose their metallic 
appearance, and give ‘earthy* products, the weights of which 
are greater than those of the inetuls from which they are 
produced. 

* Calcium carbonate does not change the colour of a wet red-litmus paper 
(p. 40), but calcium hydroxide turns it blue ; the two compounds may thus 
bo easily distinguished by this test. Although sodium carbonate belongs to 
the same class or type of compound as calcium carbonate (they are both 
‘salts/ p. 253), it has an action on red-litmus solution similar to that of 
calcium hydroxide ; calcium carbonate, being insoluble, does uot act on 
litmus. m 
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Two substances obtained in tin's way from lead have been 
known from early times. When lead is heated (in an open 
iron ladle) it first melts- —that is to say, changes in state — and 
then a gray or coloured^ scum or dross appears at the surface; 
the metal tarnishes and gives a ‘calx/ If this dross is 
removed with a rag and the bright metal is kej^ melted the 
dross comes again, and the longer the lead is heated the more 
dross is formed, until finally, in place of the melted metal, a 
yellowish or reddish-brown solid called litharge (or maasicot) 
is obtained. 

YVlien the lead is melted in a tube from which the air is 
practically excluded (compare copper, p. 41) no appreciable 
quantity of litharge is produced, from which it may he con- 
< * eluded that when 

the change occurs 
in the air, the 
metal combines 
with some matter 
from the air, and 
that litharge is a 
compound. 

Although lith- 
arge does not 
change when it 
is heated strongly 
(say at 500°) in 
the air, it does ho 
in a remarkable 
manner when it is 
heated gently (at about 300"), and is slowly transformed into 
a scarlet powder known as wt-lrnd. 



Fig. 2f>. 


This change can be brought about bv spreading a thin layer of 
powdered litharge over an iron plate and then heating underneath 
with a JhinHen -flame ; in some places the litharge is raised to a 
suitable temperature and red -lead is formed. 

Since red-lead is manufactured by heating litharge in the 
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air, it hardly seems likely that red-lead would chatige if it 
'wove heated alone, but as a matter of fact it does so very 
quickly. When heated in an angle-tube (#g. 26) it first 
becomes much darker in colour,* ai*d for a few moments 
bubbles of air escape from the delivery-tube ; after a short 
interval bubbles again escape from the tube, and when 
these are collected over water (p. 64) it is seen that the 
volume of the gas obtained is far greater than that of the air 
originally contained in the tube : therefore this air or gas 
must have come from the red-lead. AY' hen no more gas is 
evolved the delivery-tube is withdrawn from the water and 
the tube is allowed to cool (it will probably crack) ;^n tine 
place of the red-lead there is now a yellow substance 
(litharge), t 

This experiment shows that red-lead is a compound, which 
can he decomposed into a yellow solid and an invisible gas; 
red lead could hardly he a m hi tire of these. As the gas must 
have been taken up by the lead from the air it might be 
inferred that the gas was air, especially as it has no smell. 
When, however, a glowing wooden chip is pushed down into 
the gas, the wood bursts into flame. This simple test shows 
that the gas is not ordinary air. * 

Another scarlet powder, similar to red-lead in appearance, 
hut obtained by heating the metal mercury (quicksilver) in 
the air, is known; this substance is called mercuric oxide. 
When it is boated in a tube similar to that just used (tig. 2G), 
its colour first changes to a dark brown ;* after some time a 
gas is evolved and may be collected over water; small drops 
of sinning liquid are condensed on the colder portions of the 
tube. When heated long enough the powder disappears com- 
pletely ; it has all been decomposed into an invisible gas and 

* This first change in colour is possibly due merely to a change in the 
crystalline form of the substance, and may bo regarded as a physical change 
which precedes decomposition. 

t The colour of litharge depends to a great extent on whether it has been 
cooled quickly or slowly, and commercial litharge is often of a reddish- 
brown colour because it contains some red-load. m 

ln°rg. F 
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the liquffl metal mercury. The gas thus obtained, like that 
prepared from red-lead, causes a glowing chip to burst into 
flame. « 

The decomposition i-of red-load and of mercuric oxide 
was studied by Priestley in 1774; he concluded that the 
gas obtained was some purer kind of air than ' ordinary air, 
and he named it ‘ dephlogisticatcd air’ (p. 129). Just 
l)cfore this time Kcheelc, by strongly heating mercuric 
oxide, nitre, and some other substances, had also prepared 
this gas, which he called ‘tiro air/ About thirty years later 
Berthollct found that this gas could be obtained by beating 
inttasHH/m rhloraic ; this colourless crystalline substance is 
now generally used lor the preparation of the gas on a 
laboratory scale. 

The potassium chlorate (compare footnote f, p. f>2) is heated 
in an angle-tube (tig. 2G). After some time it melts (at .‘151 ), 
and later on begins to effervesce owing to the escape of a gas, 
which is collected over water. The. melted substance in the 
angle-tube becomes thicker as the heating is continued, and 
may even solidify, although its temperature lias not been 
lowered. After some time 1 lie evolution of mis .slackens and 
■ finally ceases; the delivery tube is then immediately taken 
out of the trough, so that water does not, run into the 
apparatus when the flame is rammed. The melted substance 
in the angle-tube solidities on cooling to a crystalline mass, 
which obviously cannot be potassium chlorate, as it does not 
give any gas when it is healed; if Ibis solid is crystallised 
from water, and its crystals are rnmpaied with those of 
potassium chlorate, obtained in a similar way, a noticeable 
difference will be seen in the geometrical form. The solu- 
bility of this solid is also very much greater than that of 
potassium chlorate, as can be shown even by rough quantita- 
tive experiments, and its melting-point is very much higher 
(about 750°). In fact, the two substances are different in 
specific properties. The solid thus obtained by decomposing 
potassium chlorate, is called jmlxsxinm chhtr'uh ; it is easily 



OXYGEN. 83 

distinguished from potassium chlorate by a chemical test 
described later (p. 150). 

In preparing a considerable quantity of thfts gas Jor labora- 
tory or lecture experiments, powdered potassium chlorate is 
mixed with about 2 per cent, of pure manganese dioxide.* 
When this nlixture is yently heated in if llask (or anglc-tulie) 
the gas is evolved rapidly, and at a temperature below that 
required to decompose potassium chlorate even very slowly, 
but the volume of the gas thus obtained is the same as that 
which would have been produced if the potas- 
sium chlorate alone had been used. The man- 
ganese dioxide is unehanyed at the end of the 
process. This can he proved by separating it 
from the potassium chloride in the residue 
(manganese dioxide is insoluble in water), and 
then washing, drying, and examining it; also 
by making quantitative experiments, which 
show that the weight of the wowed manganese 
dioxide is the same as that of the substance 
originally added to the potassium chlorate 
(compare, p. 233). 

The gas obtained by any of the methods 
given above has no smell, and produces no 
noticeable effect when it is inhaled. While 
being collected it does not seem to dissolve in 
water, but careful observations show that it is 
in fact slightly soluble. The gas does not take 27, 

lire when a light is put to it, hut when a 
lighted candle is let down into the gas, burning or com- 
bustion goes on much more rapidly than in the air. A 
piece of charcoal, heated on a deflagrating-spoon (fig. 27) t in 

* A small quantity of tlip mixture is first prepared ami tested by beating 
it in a test-tube, bcouuao if the manganese dioxide contains charcoal (as it 
sometimes does) a violent explosion may occur. 

1 A bent iron wire, fitted with an adjustable brass disc (a, fig. 27), and 
at the bottom with a small copper cup (h) m It is placed in the jar of gas as 
shown. • 
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the Bunsen-flame, merely glows ; when, however, it is then 
plunged into a jar of the gas it hums brilliantly. Sulphur 
(p. 211), ?vhich bums languidly in the air, also burns far 
more rapidly iu this gas, with a beautiful blue flame ; during 
or after this experiment a disagreeable suffocating smell is 
noticed in the neigh bourliood of the jar. 

A small piece (0*5 g.) of phosphorus,* when ignited on a 
deflagrating-spoon, burns vigorously in the air, emitting a dense 
white smoke, but when plunged into a jar of the gas it 
bums much more fiercely. The smoko is caused by particles 
of a vvhite solid substance, which gradually settle on the 
bottom and side's of the vessel. 

A ribbon of the metal magnesium burns in the air when it 
is heated in a Bun sen-flame, and with even greater brilliancy 
when it is placed in a jar of the gas, a colourless solid 
substance being formed. 

A ribbon of steel or iron, such as a watch-spring, does not 
‘ burn 1 in the air; when, however, such a ribbon is tipped 
with a little burning sulphur and plunged into a jar of the 
gas, the iron begins to burn brilliantly, and red-hot drops 
^fall to the bottom of the cylinder (which is covered with a 
layer of sand to prevent the glass from being cracked), where 
they solidify to hard black lumps. 

The chemical changes which take place during some of 
these burnings or combustions are considered later; in the 
meantime it may be pointed out that although a part or the 
whole of some of the materials (wax, charcoal, sulphur) dis- 
appears entirely, the matter of which the material is com- 
posed is not destroyed, but is changed into matter which 
is invisible. 

When samples of the gas prepared by heating red-lead, 
mercuric oxide, nitre, and potassium chlorate respectively are 
examined qualitatively in the manner indicated by the alx>ve 

* * Phosphorus must not be touched with the fingers, as the warmth of the 
hand may cause it to take fire ; it is held with tongs, cut under water, and 
dried tfith filter-paper. 
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experiments,^ they are found to have the same pfbperties; 
that is to say, they are all invisible, odourless, and non- 
inflammable, and a given substance burnt hi anv of these 
samples yields one and the same sesult. Furtner, when 
samples of the gas obtained from the given compounds are 
washed with* water (or otherwise purified if necessary) and 
dried (p. 67), and are then examined quantitatively, they 
are found to be identical. For example, they have all the 
same solubility * (4'86 at 0°, .‘1*36 at 15°); a litre of every 
sample, measured under special conditions, weighs 1*43 g., 
and the density of the gas is 1 6 (p. 65) ; all the samples give rise 
to copper oxide when they are passed over heated copper. Tile 
same gas, therefore, is obtained from red-lead, mercuric oxide, 
nitre, and potassium chlorate ; this gas is fixed and constant 
in properties, therefore it is a (pure*.) substance and not a 
mixture. The name oxygen was given to this gas by 
Lavoisier (p. 248). 

Oxygen, like copper, lias never been decomposed ; matter 
may be added to it, combined with it, but except in this way 
it has never yet been changed ; it is ail element. 

Oxygen is a very important and abundant element, and 
about one-half of the total matter of the earth, including the** 
ocean, consists of combined oxygen; it unites with nearly 
all the other elements, forming compounds which are called 
oxides; thus copper oxide and' mercuric oxide arc compounds 
of oxygen with the elements copper and mercury respectively. 
The white solid which is formed from phosphorus and 
oxygen is known as phosphorus pentoxide ; it is extremely 
hygroscopic, and deliquesces (p. 38) on exposure to moist 
air ; as it absorbs water vapour so readily it is very often 
used in drying air anrl other gases (p. 67). The suffocating 
invisible gas formed from sulphur anil oxygen is called 
sulphur dioxide (p. 229), and the metals magnesium and 
iron combine with oxygen to form magnesium oxide and iron 
oxide respectively. With many elements oxygen forms two 
* Compare p. GO. « 
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or move different compounds; thus litharge and red-lead are 
both oxides of lend, but red-lead contains a larger proportion 
of oxygen ftli tin 'does litharge. 

Since red-lead is den* injured into litharge and oxygen, and 
is fanned by the combination of litharge and oxygen at lower 
temperatures, it is 'clear that some chemicaf changes are 
reversible, just as are changes in state. As a further example 
of a reversible chemical change, the case of quicklime and 
water -< — >■ calcium hydroxide (p. 71) may be mentioned. 
It* is, however, rather the exception than the rule for a 
chemical change to be reversible under attainable conditions ; 
the oxides of magnesium and iron, for example, are not 
decomposed into metal and ox \ gen at the highest tempera- 
tures yet reached. Oxides, as a class, are nut decomposed 
when they are heated; the behaviour of mercuric oxide in 
this respect must he regarded as rather exceptional. 

The conversion of an element into its oxide is often 
termed oxidation , and the element which has undergone the 
change is said to he oxidised. 


CHAPTER XII. 

The Atmosphere. 

The gaseous matter which surrounds the earth, in which 
we live and move, which itself moves, causing wind, is known 
as the ‘air’ or atmosphere. Xow it has already been noted 
(p. 17) that this matter has weight; that the atmospheric 
pressure, or weight of the atmosphere at sea-level, is, on the 
average, equal to that of a column of mercury 760 mm. high. 
It has also been noted that the air contains aqueous vapour, 
from which clouds, mist, dew, rain, hail, or snow may be 
formed when the temperature falls. Farther, it lias been 
stated (p. 70) that when lime-water is exposed to the air the 
calcium hydroxide in solution is slowly changed and precipi- 
( 
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tated as calcium carbonate, a fact which proves that the air 
contains carbon dioxide. From the experiments with metals 
(p. 79) it is also deal that the air contafns tl^e element 
oxygen. • 

Xow when some powdered anhydrous calcium chloride 
(p. say bhnut -0 g., is placed on a clock-glass and 
counterpoised on the pan of a balance, it is found that it 
rapidly gains in weight and heroines damp, because it absorbs 
and fixes water vapour from the air circulating above it. The 
dam]) powder may be heated and the water which is givei^oif 
may be collected and identified (p. 14). If, however, a glass 
cylinder full of ordinary air is inverted over some of tlTe 
dry, hygroscopic powder, contained on a watch-glass floating 
on mercury, the 
volume, of the 
air in the evlin- 
derdoes not dim- 
inish very appre- 
ciably even after 
several hours ; 
this fact proves 
that when tho 
water vapour is 
abstracted from 
the air there is 
very little dimin- 
ution in volume. 

Now the car- 
bon dioxide and 
aqueous vapour 
Contained in a 
confined volume 
of air may he Fig- 28. 

abstracted l>y 

leaving the air exposed to soda-lime or sodium hydroxide 
(pp. 78, 79) in a similar maimer; here again there is only a 
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small cfiange in volume, anil the gas which remains is cer- 
tainly not merely oxygen, as a glowing chip plunged into it 
is not kiiyjled into flame. 

What else, then, dort$ the air contain ? 

When Priestley discovered oxygen in 1774, he described his 
experiments to Luvtfisier, who repeated them in the following 
manner : 

A retort (a, lig. 28) containing mercury and air was placed ns 
shown, with its open end turned upwards in a trough contain- 
ing mercury and covered with a large bell-jar (f>) ; the air in 



Fit;. 29. 


the retort and be]]- jar was thus shut ofl' from the outside 
atmosphere. The mercury in the retort was then healed 
at about 300 during several days; some of the mercury 
changed, giving tin* scarlet powder, mercuric oxide, and the 
volume of the air (hmnnshful^ as shown by the mercury rising 
in the hell-jar (h) ; aftci some days no further change occurred, 
no more mercuric oxide seemed to be formed (although a lot 
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of mercury remained in the retort), and the level t>f the 
mercury in (h) remained stationary. After the whole appa- 
ratus had been allowed to cool, it was found that about 
one-fifth of the air had disappeared, and a lighted candle 
plunged into the gas which was left was at once v.xtiiujuiahed. 

The mercuric oxide which had been formed was collected 
ami strongly heated in the tube (fig. 29) ; the evolved gas, 
which was collected over mercury, was found to kindle a glow- 
ing chip or piece of charcoal, and its volume was found to be 
about the same as that of the ‘air’ which had been absorbed. 

These experiments showed that mercury combines witli 
and fixes oxygen (undergoes oxidation) when it is heated in« 
the air, but that only a portion of the air, namely, «ibout 
20 per cent, by volume, is thus fixed by mercury. r Ae 



Fi". 30. 


remaining 80 per cent, (by volume) cannot be oxygen, because 
it is not fixed by mercury, and because a candle does not burn 
in it. 

Now, as already stated, there are many metals besides 
mercury which combine with the oxygen in the air. Of 
such, copper and iron may be conveniently employed to 
absorb and fix atmospheric oxygen. l>y dropping water from 
the tap-funnel (a, fig. 30), air from the flask (b) is Blpwly 


90 


THE ATMOSPHERE* 


passed* over a long roll of copper gauze, contained in the glass 
tube (e) ami heated by the burner (e ) ; the copper near tho 
inlet is slowly con verted into black copper oxide, and although 
the ‘air ’ then passe* over plenty of h<>( unchanged copper, 
it is not entirely absorbed or iixed, blit a huge proportion 



escapes from the outlet -tube and may lx* collected over 
water. r lhis gas (if) is found to be different, from ordinary air, 
since a lighted candle placed in if is immediately extin- 
guished ; only about orje-lifth of tho air by volume is absorbed 
by //he copper. 
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When some iron filings or borings are moistened with 
Wilier and placed in a muslin bag, which is then suspended 
with tlie aid of a bent wire in a cylinder full df air, inverted 
ou-r water (fig. 31), the water slowly* rises in the jar, but 
after some days its level remains constant, about one-fifth ot 
tlie air having been absorbed. When the* bag is withdrawn 
ami the jar is placed mouth upwards on the table, a lighted 
candle placed in the gas is immediately extinguished. On 



Fig. 33L 


examining the iron it is found to have rusted, from which 
fact it might he. inferred that rust is an oxide of iron. 

When a stick of phosphorus,* supported by copper wire, 
is placed in a long glass tube, sealed at one end and 
inverted over water (iig. 32), the level of the water slowly 
rises and about one-fifth of the air is absorbed ; the remain- 
ing gas extinguishes a lighted taper. In this experiment 

* Compare footnote, p. 84. • 
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although the phosphorus fumes a little it does not seem to 
change, and yet some of it must have done so, because if 
phosphorus i£ not present the volume of the air does not 
diminish appreciably/' 

If a dry piece of phosphorus (2 to 3 g.) is placed in a 
porcelain dish floating on water, and then covered with a large, 
narrow, dry bell-jar (fig. 33), it can be made to burn in the 
confined volume of air. For this purpose the stopper of 
the jar is removed, and after waiting until the levels of the 
water inside and outside are the same, the phosphorus is 
ignited t and the stopper quickly and securely replaced. The 
•heat generated by the burning or combustion of the phos- 
phorus causes the enclosed air to expand — it may he necessary 
to hold the bell-jar — and at first the water-level in the bell- 
jar is depressed; as burning progresses, however, the water 
begins to rise again, and when the flame lias died out com- 
pletely and the apparatus has cooled to its initial temperature, 
the volume of the gas in the jar is seen to be less by about 
one-fifth than the original volume of the air. If now some 
water is run into the trough until its level is the same as in 
the jar, air will not enter the bell-jar on the stopper being re- 
moved, and it call he shown that the gas which is contained 
in the jar extinguishes a lighted candle. 

During the burning of the phosphorus a white solid is 
formed, some of which settles on the bell-jar ; this product 
is the same as that obtained when phosphorus burns in 
oxygen, and being extremely hygroscopic, it soon deliquesces 
(p. 38). 

All these experiments show that when certain substances 
are heated in, or left in, the air, part of the air disappears, 
and there remains a gas which is not absorbed by these 
substances and which extinguishes flame. Although the 

* There are two reasons why no obviom change occurs : firstly, only a 
very small proportion of the phosphorus is acted on ; secondly, the product 
is deliquescent and dissolves. 

+ By touching it with a hot wire. 

I 
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experiments are only rough ones, it is found that practically 
the same proportion of the air — viz. one-fifth— disappears or 
is absorbed in every case ; * it may be concluded, therefore, 
that one and the same gas is taken up by mercury, copper, 
iron, and phosphorus, viz. the gas oxygen, and that conse- 
quently the unabsorbed gas or residue is the same in all these 
experiments. 

Until quite recently (1900) this residue or unabsorbed gas, 
which is colourless and odourless and in which burning 
substances are extinguished, was regarded as one (pure) sub- 
stance ; it is now known, however, that although it consists 
almost entirely of one element, nitrogen, it contains a number' 
of other elements ( Helium , Neon, Aryan, Krypton, Xenjn) in 
relatively very small quantities. 

By experiments such as the above it can be shown that 
various gases as well as aqueous vapour are contained in the 
atmosphere, and a rough idea of their relative proportions by 
volume may be obtained. 

Accurate analyses of mixtures of gases are only possible with the 
aid of special apparatus, and the direct observations are of little 
value until they have been corrected according to principles 
explained later (p. 152) ; for these reasons it is only possible to 
indicate here some of the simpler methods used in the analysis 
of air. 

The aspirator (<*, fig. 34) filled with water is connected to a tube 
(/>) filled witii anhydrous calcium chloride, a tube (<;) filled with 
soda-lime, and a tube (rtf) filled with anhydrous calcium chloride; 
the tubes (c) and (rtf) are weighed. A known volume of air is then 
slowly drawn through these three tubes by opening the screw 
clamp ( e ) and measuring the volume of water which siphons out of 
the aspirator (filling it as often as is necessary). The aqueous 
vapour is ahsorlied in (rtf), the carbon dioxide in (c), and the weights 
of these Muhstances in the measured volume of air are ascertained 

* In the experiments with iron and phosphorus (figs. 31-33) the volume 
of the air contained in the vessels at the commencement of the experi- 
ment may be previously measured with the aid of water and a graduated 
cylinder; this volume is then divided into five e<pial parts (as shown in the 
diagrams), the divisions being marked on the vessel with labels covered 
pith wax, , 
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by weighing again at the end of the experiment. (What is the use 
of the tube (If) ?) 

As the weight^of a litre of water vapour (p.> 1(U) and that of a litre 
of carbon# dioxide (p. OS) are known, the volumes of these sub- 
stances which have beeifabsorbed may be calculated. 

The u'ciyht of oxygen in a known volume of dry air may lie 
determined by passing the air over heated copper cmd iiuding the 



Fig. 34. 

increase in weight; as the density of oxygen is known (p. 85), its 
volume may then he calculated. The volume of oxygen in a given 
volume of air may also be determined liy absorbing the gas with 
moist phosphorus in the manner already described. The volume 
of the nitrogen ill the air is found by subtracting the sum of the 
volumes of the other components of the air. 

When air is tlius examined it is found tlmi. the quantity of 
aqueous vapour varies very greatly and irregularly from day 
to day, and depends on many circumstances, hut to a great 
extent on the Unuperaturv. of the air. Dry air takes up 
aqueous vapour from water until it becomes saturated, and 
the maximum quantity which may then he present depends 
on the temperature, of the air.* 

The percentage of carbon dioxide in the air is not abso- 
lutely fixed, but varies so little, if only the air from open 

* One litre of nir at 10' J saturated with aqueous vapour contains 0*0U9g. 
of water ; at 15°, 0*012 g. ; and at 20°, 0*0J7 g. If such saturated air bo 
cooled, a part of the water is deposited in tlie form of mist, rain, hail, 
snow. (fee., according to circumstances. One cubic mile of air saturated 
at 35 r* would deposit about 140,000 tons of water if cooled to 0°. 

t 
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country is examined, that tlio variations arc almost within the 
limits of experimental error. Similarly the percentage of 
oxygen, although not absolutely constant, varies extremely 
little in different parts of the world, am^ so also that of the 
nitrogen. The composition of dried air from open places is 
thus practically ennsLant, and is shown in the, following table : * 

By Volume. f By Weight.f 

Oxygen . . . 20-99 • 291.") per cent. 

Nitrogen . . . 78*09 75*01 « 

Carbon dioxide . . 0*09 0*05 n 

Other components . 0 95 1*29 n 

As fresh air, free from water vapour, is practically constant * 
in composition, so also is the weight of a given volume of 
such air under iixed conditions; 1 litre of dry air undtfr 
standard conditions (compare p. 159) weighs 1*295 g., and its 
density (p. 65) is 14*4. 

In studying carbon dioxide and oxygen it was concluded 
that each of these gases is a definite substance (not a mixture), 
because different samples of the given gas have constant pro- 
perties ; further, it was concluded that calcium carbonate is a 
compound because it is constant in m nijumifion. Now since 
dry air is practically constant in propel ties and in composition « 
(the slight observed dillerences might he due to experimental 
error), must it be concluded that dry air is a definite com* 
pound, formed by the combination of the various gases which 
can he absorbed from it by the rhnnintl methods given above 1 

In considering this question the Jirst point to hear in mind 
is, that although samples of air may be taken from widely 
separated open places on the earth’s surface*, it is extremely 
unlikely that, such samples would differ in composition even 
bad the air been originally a heterogeneous mixture; it has 
been circulating during so many thousands or millions of 

* Owing to the great variation in the percentage of aqueous vapour, 
analyses showing the composition of ait* generally give that of tim'd air. 

‘‘‘By volume’ means that 100 volumes of air contain rofumts of the 
various gases in the proportions given. 4 l»y weight’ means that 10C g of 
air contain the given percentage iceiyhts of the various gases. 



96 


THE ATMOSPHERE* 


years that it would almost certainly have become homogene- 
ous by this time. In other words, it is only possible to 
obtain qnc sifmple of ‘ fresh 9 air, and so the fact that this 
sample is practically Constant in properties and composition is 
of no value as evidence in deciding this question. 

Now it has already been shown that when* two substances 
are merely mixed together, it is sometimes possible to sepa- 
rate them by certain physical processes ; such a process may 
be employed to separate the two gases oxygen and nitrogen, 
which are the principal components of the atmosphere. 



When air, freed from carbon dioxide, is shaken with cold 
water for some time the water dissolves, and finally becomes 
saturated with, the atmospheric gases; if now a flask (fig. 35) 
is completely filled with this softifiort, and the bent delivery- 
tube, which dips under a test-tube (a) is also filled with it, 
then on heating the solution Iruhhb * # appear long before it 
begins to boil, and the dissolved gases are expelled lie- 
cause the solubility of a gas (p. CiG) diminishes as the tem- 
perature rises.* The dissolved 1 air ’ may thus bo collected. If 
now a stick of phosphorus is introduced and left in this ‘air,’ 
about 35 per cent, by volume is absorbed by the phosphorus, 
and there remains about 65 per cent, of gas which ex- 
tinguishes a lighted taper. The mixture of gases expelled 

* The water from which the gases have thus been expelled has a * flat.' 
insipid t*sto, 
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from tlie water contains a much larger proportion of oxygen 
than docs the air, because the solubility of oxygen (p. 85) is 
greater than that (2*33 at 0°, 1*G5 at 15°) of nitrogei^. 

The two principal components of the* air may thus be sepa- 
rated to some extent by taking advantage of a dilference in 
their solubility (fractional solution), just -as two solid com- 
ponents of a mixture may sometimes be separated by 
fractional crystallisation (p. 32). 

This fact shows that the oxygen and nitrogen are probably 
mixed and not combined together;* further experiments 
oonlirm this conclusion. 

One of the most obvious characteristics of chemical change* 
is the complete disappearance of all the specific properties^ f 
the substances which take part in the change and the appear- 
ance of a set of totally new properties in the products. 
When, for example, oxygen combines with a solid clement, 
such as copper or phosphorus, the properties of the product 
have not the slightest resemblance to those of its constituents; 
and it is shown later that this is equally true when oxygen 
combines with a gaseous element. 

Now if a cylinder divided into five equal volumes is filled 
with and inverted over water, oxygen prepared by any of the 
usual methods can he bubbled up into the cylinder until one- 
fifth of the water is displaced. The mouth of ajar containing 
the gas (nitrogen) which remains after iron lias rusted in the 
air may then he brought under the cylinder, and the rest 
(four-fifths) of the water displaced by this gas. No sign of 
change is observed. The cylinder now contains something 
which is very much the same as ordinary ‘air ; ’ something in 
which a candle burns just as it does in air; something which 
has physical and chemical properties such as would he ex- 
peoLed of such a mij'tum of the two gases, and which would 

* There is an alternative conclusion if the results of this experiment only 
are considered, namely, that the gases are really combined, but that the 
compound which they form is decomposed by water. This alternative is 
conclusively disproved by other evidence. *’ 

Inotg. q 
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not be appreciably altered if a little more of either gas were 
added to it. 

For reasons such as the above, and for many others of more 
importance which are ‘given later (pp. 1GS and 270), it is con- 
cluded that the oxygen and the nitrogen of the atmosphere 
are not combined, but are merely wised together. 

In addition to the gases already mentioned, the atmosphere 
contains minute quantities of other components, such as sulphur 
dioxide (p. 229), hydrogen chloride (p. 1 12), and hydrogen 
sulphide (p. 210), which are produced in fires, manufactories, 
and ^so on; also traces of ammonia (p. 200) or ammonium 
nitrate, and possibly ozone and hydrogen peroxide. 

cM moral dust and living particles (pollen, spores, genus, 
bacteria) are also present in 1 lie air, and many of the last- 
named piny an important part, henclicent or baneful, in the 
world’s economy. 

Several other matters in connection with the atmosphere 
are dealt with later (pp. 1 MS, 1 39). 


CHAPTER XIII. 

Hydrogen and Water. 

When sulphuric acid (p. 39), diluted with water, is 
pourod on to some iron filings contained in a test-tube a 
vigorous effervescence is observed owing to the escape of an 
invisible gas, and if a lighted taper he applied to the mouth 
of the tube a ‘pop’ is heard and the gas takes fire ; it is com- 
bustible. An invisible combustible gas is also liberated when 
zinc or magnesium (but not when copper, mercury, or silver) 
is treated with dilute sulphuric, acid ; further, such a gas is 
also liberated when iron, zinc, or magnesium is treated with 
hydrochloric acid (p. 39). 

Observations of this nature were made by Cavendish about 
17GG, and he named the gas ‘inflammable air.* 
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In order to study this gas, one of the given metals, gene- 
rally granulated zinc,* is placed in an apparatus similar to 
1,1, at used in preparing, earhon dioxide, (iig. T9); W>e acid is 
poured down the funnel (a) * and ttie gas is cof/rr/erf owr 
tKi/er. The first cylinder of gas is not used, as if also contains 
air and the mfxture is explosive. 

The gas is colourless, and, when prepared from good samples 
of metal and of acid, it has no smell. Impure materials give 
a gas which has a disagreeable odour caused by small quan- 
tities of other gases (impurities). f The g.is does not sccuulo 
dissolve, in water, hut careful experiments show tlyif its 
•ohihi/ih/ (]). (>(>) is 2' 14- at O', 1 *N7 at In'. 

The gas burns when a lighted taper is put to if* jj, is 
inllauimahle and combustible, hut the ilame is almost invisible 
in daylight, and practically nint-huH innit*. A lighted taper 
pushed right into the gas is inu.tediately extinguished. | 

When a jar of the gas is left open for, say, Unify seconds and 
then tested with a lighted taper, it is found that the gas has 
escaped ; hut when a jar of tin* gas is held mouth downwards 
for nil equal length of time and then tested, the presence of 
1 lie gas is shown. 'Flic, gas therefore is lighter than air, into , 
uhicli it rises as a cork rises in water. 

In iloing these experiments a mild or vigorous explosion is 
almost certain to occur when the lighted taper is placed to 
i Ins gas, and it is noticed that this explosion is more vigorous 
when the gas has had an opportunity of mixing with tin* air. 
When a sound soda -water hot 1 le about one-quarter tilled with 
waf* ■■ and three-quarters a\ i ll i air is inverted in a trough and 
the wafer is displaced by the gas, there results a mixture of 
ail* and gas which explodes violently when ignited. 

That the inflammable gas is lighter than air can he shown 
in many other ways: for example, the gas may he }>onml 

* Compare footnote on quantities ( f* |i. (»2). 

t Ordinary commercial metals, acids, and other substances are seldom 
1'iire (p. :W). 

-t The jar of gas is held ujnuilc-tlown in showing that the gas extinguishes 
a lighted taper. * 
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upwards. A small jar (a) containing air is held upside-down 
just above the table, and a larger jar (b) of the gas is brought 
close to it#as slJown (Jig. 3G) ; the closed end of (h) is then 
• slowly brought 

downwards, as 
indicated by the 
arrow, to the posi- 
tion (r), ami (a) 
is closed with a 
glass plate. On 
testing (a) with a 
lighted taper it is 
found to contain 
some of the gas, 
whereas the con- 
tents of (Ji) do 
not ignite. 

A large beaker 
may also be sus- 
pended upside- 
down from one 
arm of a balance 
and counter- 



Fig. 36. 


poised ; some of the gas may then be poured upwards into the 
beaker, which rises as the air is displaced by the lighter gas. 

Balloons of very thin india-rubber, or of collodion, tilled with 
the gas, rise in the air ; so do soap-bubbles blown with the gas. 
The gas in the bubbles may be ignited as the bubbles ascend. 

Different samples of the gas obtained by using any of the 
metals already mentioned, and either of the acids, show the 
qualitative properties described above. When such samples 
are carefully washed (p. 67), further purified if necessary, 
and dried (p. 67) 'they arc found to be identical in every 
respect ; they have all exactly the same solubility in water ; 
a litre of every sample measured under standard conditions 
weighs exactly 0’0899 gram. These facts, and many others 

f 
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given later, show that the gas is fixed and constant in pro- 
perties; it is a definite substance and not a mixture. It has 
never yet been decomposed ; it is an elemeflt, an£ is called 
hydrogen, (p. 105). Hydrogen is the lightest substance 
known, and its density is taken as unity, that of all other 
gases being expressed in terms of this standard ; it is 240,000 
times lighter than an equal volume of platinum. It is known 
to exist in the sun’s atmosphere. 

The fact that all the three metals named above (and others 
as well) give rise to hydrogen when they are treated with 
dilute sulphuric or hydrochloric acid might be accounted for 
by assuming (1) that hydrogen is contained in all the metals, 
and that the acid sets it free or liberates it, just %s # acid 
liberates carbon dioxide from calcium carbonate; (2) that the 
hydrogen is contained in both the acids named, and that 
the metals set it free ; (3) that the hydrogen is set free from 
the water in which the acids are dissolved. 

As it has already been stated that the metals are elements, 
it is obvious that the first of these assumptions can be shown 
to be untrue. How this might be done may be indicated. 

In the preparation of hydrogen by any of the above^ 
methods the metal disappears entirely if sufficient acid is 
used,* and on evaporating the solution a substance totally 
different from the metal is obtained in crystals ; thus the 
solution obtained from iron and sulphuric acid gives crystals 
of (jreen vitriol (p. 226) ; that from zinc and sulphuric acid, 
white vitriol. The metal, therefore, has been changed, and has 
dissolved chemically in the acid. Now the weight of the 
substance formed is far greater than that of the metal used ; 
some matter has combined with the metal. This does not 
prove that the hydrogen cannot have come from the metal, 
because the metal might have gained more matter by com- 
bination than it lost by the liberation of the hydrogen ; but 

MVhen impure metals are used relatively very small quantities of 
insoluble black particles often remain. These cannot be the mctil; they 
are separated by filtration. * • 
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it can 1)0 proved that tin? product, green vitriol, for example, 
contains (m a combined form) tlic whole of the metal which 
was used* sined the trha hi of that metal may he obtained again 
from the green vitriol by ceitain processes in which no 

hydrogen or compound of hwiro- 
gen is employed. *' 

As to the second and thin! 
assumptions regarding the origin 
of the hydrogen, the fact 
that water and metal do not 
give hydrogen until the ‘acid' 
is added secn/s to indicate that 
the gas comes from the latter ; 
tliis inference is shown to he 
rnrreet by experiments to be 
described later (footnote *, p. 140). 

Water. 

When hydrogen, prepared by 
any method and conveniently con- 
Pi_r ;>7 t tained in a tfn^hnhfrr* (tig. 37), 

is passed sm-eessi vely through, 
say, three tubes (o, f> 9 r, tig. 38) containing anhydrous 
calcium chloiide, all water vapour is absorbed, probably 
by (a) alone. t When it is thought that the air has been 

displaced from the apparatus a test tube is inverted over the 
outlet ('/) for a minute, and the gas is te.-ted by taking 
the tube (closed b\ the thumb in transit) to a Ihmsen- 
flamc. If and when the gas takes tire quietly, the hydrogen 
escaping from (<l) may he lighted, and a clean, dry gas-jar 

* The chamber («) is filled with Avater, and the gas in introduced through 
the tuhulure (//), the displaced water running nut ; this tuhuLire is then 
stoppered with the tap (r). When a stream of the gas is required the 
tap {d) is opened ; the preh-ure of the water drives the gas through the 
outlet tube on opening the tap if). 

t if (r) is weighed before and after the experiment it should show no in- 
creatfe in weight, proving that only dry gas has passed through it. 
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held over the flame ; it is then noticed that the glass jar be- 
comes covered oil the inside with a dew, which looks like con- 
densed steam. If kept. over the flame for some time the jar 
gets hot, and the dew is then no longei* deposited ; but if the 
flame i. > allowed to play on to a dry retort (a y fig. 39), kept 
cool by a streafn of cold water inside, the Clew is deposited on 
the retort and drops of liquid fall into’ the basin below.* This 
liquid is tasteless and odourless; it freezes at 0° and boils 



at 100°; 1 c.c. of it at 4° weighs 1 gram ; when added to 
anhydrous copper sulphate (p. 36) the latter turns blue; 
when poured over quicklime slaking occurs. The liquid, 
therefore, is water . Water is obtained when dry hydrogen 
burns in the air. 

It seems hardly possible that this water can have been 
obtained by the condensation of the water vapour in the 
ah', because the air is heated by the flame of the burning 

* The end of the tnbo at which the gas is burnt is made of platinum, 
»b glabfl melts after some time in the hot 11a mu. 
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gas; nevertheless, the experiment may be repeated, using 
dried air as well as dried hydrogen. 

For tl*is purpose a stream of air dried with the calcium 
chloride tube (a, fig.* 40) is passed through the chamber 
for some time, ( b ) and (c) being closed with corks, and then 
a burning jet of dry hydrogen is inserted at* (b) as shown ; 
water is obtained as before, and collects in the calcium 



Fig. 39. 


chloride tube ('/), which may lie weighed before and after the 
experiment. Sulphuric acid is used to dry the gas (p. 67). 

It is thus proved that water is formed or produced when 
dry hydrogen is burnt in dry air. 

Now it has been shown that in certain other processes of 
* burning' the burning substance combines with the oxygen 
of the air. Is this so in the case of hydrogen, and is the 
product, water, a compound of hydrogen and oxygen? If so, 
dry hydrogen should hum in dry oxygen, forming water, and 
both the elements, as gases, should disappear. 

This conclusion may be tested in the following manner. 
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Firstly, dried hydrogen is burnt in dried oxygen in the 
apparatus already shown (fig. 40) ; the flame is larger and 
brighter than when air- is used, hut otherwise* the sesults are 
similar : water is formed. A jet of bifrnitig hydrogen is now 
introduced into a narrow hell-jar filled with oxygen (fig. 41), 
the cork (a) 'fit- 
ting tightly; as 
the hydrogen 
bums the water 
rises in the bcll- 
jar, showing that 
oxygen as well 
as hydrogen is 
being used up. 

It is thus 
p roved that 
water is a com- 
pound of hydro- 
gen and oxygen; 
it s synthesis (p. 

7‘i) from these 
two elements was 
iirst, accomplished 
by Cavendish in 
1781. The name hydrogen (which signifies water-producer) 
was given to this gas by Lavoisier. 

When dry copper oxide is heated in a stream of dry 
hydrogen a liquid is obtained. 

The copper oxide is placed in a tube, and hydrogen, care- 
fully dried with calcium chloride, is passed through the tube ; 
after it is proved that the air lias been expelled (p. 102) the 
copper oxide is heated. The black powder changes and copper 
appears ; after some time a liquid is deposited on tlie colder 
parts of the tube, and may he collected ; it can be proved that 
tin's liquid is water. This is another synthesis of water. 

This experiment also shows clearly that one element may 




] 06 


HYDROGEN AND WA'rtSIt. 


withdraw another from a compound of the latter ; copper oxide 
does not chalice when it is heated alone or in air, but when 
it is helped A\ # ith hydrogen, water is formed by the combina- 
tioji of the oxygen and hydrogen. If, instead of copper oxide, 
some litharge (oxide of lead) or oxide of iron is used a similar 
result oeeurs, and the oxide is said to he red nr At to the metal. 

Hydrogen, however, does not 
reduce all oxides under such 
conditions. 

There are many other ways 
in which water may 1 m* formed; 
in fact, this compound is very 
generally produced when sub- 
stances containing rombhieA oxy- 
gmi are * treated ' with those con- 
taining rumM neil hydrogen under 
suitable conditions (pp. 147, 224). 

The deronnmxil ion of water 
was first accomplished by 
Lavoisier (I7<S:>), who found 
that hydrogen is liberated 
when water vapour (steam) 
is passed over red hot iron, 
apparatus suitable for this ex- 
periment is shown in lig. 42. 
pjjr. 4 i. Steam, generated in (o), passes 

th lough the iron tube (/>), 
which contains iron nails healed to redness ; when a gas- 
jar tilled with water is inverted over the delivery-tube (/■) 
it is rapidly tilled with a gas, which can he proved to he 
hydrogen. On examining the nails after the experiment they 
are found to be coated with a black substance, and if they are 
carefully dried and then heated in a stream of dry hydrogen 
water is obtained and iron remains. 

It is thus shown that iron decomposes water at a rod- 
heat, Jiydrogen and oxide of iron being produced; also that 
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hydrogen decomposes oxide of iron at a rod-lieat, iron and 
, waler (oxide of hydrogen) bein'* formed. This is another 
example of a. reversible chemical change (p. 86). , 

Some oilier metals decompose water ift high temperatures - 
magnesium, for instance. Jf a piece of magnesium ribbon, 
burning in thft air, is dipped iiito a Hash* from which steam 
is escaping rapidly, ibe magnesium- continues to burn in 



the steam; it. decomposes the eoni]>ound water, forming 
lnagnesiuni oxide and hydrogen, and as the hwlrogen escapes 
into the air it also takes lire 1 and combines with atmospheric 
oxygen, forming water again. Some metals, such as sodium 
and potassium, decompose water and liberate hydrogen when 
they are thrown on to cold water;* the metal disappears, 
and there is formed a solution of caustic soda (p. 78) or 
caustic potash (p. 7b), as the ease may be. Topper does not 
decompose steam, t 

* Tins shutout should not. try this experiment except under supervision, 
otherwise dangerous accidents may happen. 

1 Although metals as a class have certain properties in common, each 
inetal is a distinct element, and as the behaviour of one element canuot. as 
a rule, be foretold from that of another, it is necessary to ho very careful in 
drawing any conclusions based on analogy — that is to say, on a pw>bable 
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It is also possible to obtain both hydrogen and oxygen 
from water in a single experiment by making use of an 
electric tcurrent. The apparatus shown in fig. 43 is called 
a voltameter. Watef, to which a few drops of sulphuric acid 
nave been added, is poured into (a), and the taps are opened 



Fig. 43. Fig. 44. 


until the water completely fills the two tubes (/>, h ) ; plates 
of platinum (c, c) are fastened to pieces of wire, which pass 
through the rubber stoppers (r/, <7), and are connected with 
the terminals of a suitable source of electricity (p. 297). When 

resemblance of two elements. Thus, although copper and iron both com- 
bine with oxygen to form oxides, and iron decomposes water at high 
temperatures, copper does not; hydrogen decomposes both these oxideB 
at high temperatures, but docs not decompose calcium oxide or magnesium 
oxide. 
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the electric current passes bubbles are seen to form bn the 
platinum plates and rise in the tubes ; after some time 
both tubes contain colourless gases, but in one the volume 
of the gas is just twice that in the other. The gas 
of which there is the larger volume can be identified as 
hydrogen, the «,ther as oxygen: The water has been decom- 
posed into its elements; its qualitative analysis (p. 73) has 
been completed. 

Instead of collecting the two gases separately, they may be 
collected together. The wires (a, a, fig. 44) through which 
the electric current is conducted pass through glass tubes idled 
with sealing-wax, and are connected with the platinum jflates,' 1 
which are immersed in the acidified water. The mixture of 
two volumes of hydrogen and one volume of oxygen, which 
escapes through the tube ( h ), is called electrolytic yas, and 
is extremely dangerous, since, when it is heated or ignited, 
the elements combine instantaneously and a very violent 
explosion results. The explosion is much more violent than 
in the case of a mixture of hydrogen ami air, because there 
is no nitrogen present to damp or hinder the (chemical) 
combination. 

The explosion of electrolytic gas is most safely shown by letting 
the gas bubble through miihc soapy water contained in a veiy 
shallow vessel or on the palm of the hand. ’When some soap- 
bubbles have thus been formed and the apparatus removed to a 
safe distance the gas in the bubbles may be ignited with a taper. 

Percentage Composition of Water. — The quantitative 
analysis of water can be made in many ways. The prin- 
ciple of one important method is as follows : A large weiyhed 
quantity of dry copper oxide is placed in a tube and heated 
in a stream of dry hydrogen, as described already ; some of 
the copper oxide is reduced (p. 106), and water is formed ; 
the water is collected in weighed tubes containing calcium 
chloride. After some time the operation is stopped, and the 
weight of the water which has been produced is ascertained 
by weighing the calcium chloride tubes ; the mixture of 
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copper f and coppor oxide is weighed, and the weight is sub- 
tracted from the original weight of the copper oxide ; the 
difference or h** gives the weight of the n.njtjon which has 
been withdrawn b\ upd combined with the hydrogen. Tim 
weight of tin* combined hiftfrot/i’ti in the known weight of 
water thus foimod.is obtained by subtracting* the weight of 
the oxygen. 

Such a method was first employed in 1 820 by lierzelius 
and Ihilong, and the result of one of their experiments was: 
"Weight of water, IbO.VJ g. 1/k< of weight of copper oxide, 
8 #, ();31 g. Therefore, S-Onl g. of oxygen has combiimd with 



Fig. 45. 

9*0;.)2 - 8'051 = l -001 g. ot hydrogen ; lienee the percentage 
composition of water is, oxygen 88*91, hydrogen 11-06. The 
average result of several experiments was, oxygen 88*90, 
hydrogen 11 *10; and that of a large number of similar 
experiments carried out by Dumas in 18|:>, oxygen 88*8*5, 
hydrogen 11 ‘M per cent. The rosulis of more reeenl ex- 
periments give the values, oxygen — 88 -SI, hydrogen 1M9 
per cent. 

In order to obtain accurate* results in tin's, as in other 
analyses, the greatest care has to be. taken. For example, 
the copper oxide and tin* hydrogen must be absolutely dry ; 
they must both be pure; every trace of water formed must 
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ho collected. For those reasons the apparatus employed hy 
Dumas was rather complicated , as shown in fig. 45 and briefly 
described below. • 

• 

Hydrogen is generated in the hoi, tie {(t), Vliieli is provided with 
ji safety -valve (/>), a tube dipping under mercury. The gas is 
passed through %he tubes (c) , which contain, various sub, stances 
eupiihle of absorbing known or possible impurities in the gas, and 
(lien through the tubes (</), wliicli contain phosphorus pentoxide, 
and are immersed in a freezing mixture to ensure the absorption of 
cvci> (race of aqueous \apour. The lube (r) contains phosphorus 
pentoxide, and is weighed hefoie and after tin* experiment; 
should not show any increase in w eight. The hull* {/) contains 
juire dry copper oxide, and is weighed before and after the e£peri-» 
menl, ; (he water which is formed is collected in (//) ai d in the two 
In lies (// (//j), (the latlor being immersed in a fiee/ing mixture,) 
which aie weighed hefoie and after (lie expeiiinent. The hydrogen 
in ( /’), (</), (// j, and (//,) is, of course, displaced l»v « 1 ry ail before the 
second weighing. (/) is a weighed tube containing phosphorus 
pentoxide; if all the water is a 1 iso: lied in (//), (//), and (7q) this tube 
should not show any gain in weight. ( /) is filled with phosphorus 
pentoxide, and serves to pre\ent almo-pheiic moisture from entering 
the apparatus ; the outlet-tube dips under mercury. 

Thu elope agreement, between the results of Herzdius 
and Duhing, those, of i Ininas, obtained twenty-three years ' 
later, and those of quite recent times, illustrates excep- 
tionally well the law of constant composition or definite 
proportions (p. 5J5). The. great contrast between the properties 
of the annfHHunl water and those of the nuxtmy electrolytic 
gas also affords a good opportunity of noting the great differ- 
ences which may exist between u compound of two gaseous 
elements and a mere mixture of the two. Although water 
vapour or stea m resembles electrolytic, gas in being ‘gaseous/ 
most of its properties are absolutely different from those of 
the mixture. 

Water in Nature. — The great abundance of water (it 
covers about three-quarters of the earth’s surface), its pre- 
sence in the atmosphere, in the soil, and in all animal and 
vegetable organisms, render it one of the most, important and 
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best-knhwn compounds. Its physical constants have already 
been dealt with, and also its action as a solvent (p. 20). 

When f aque#us vapour, formed by the evaporation of sea- or 
fresh-water, becomes condensed into rain, the liquid thus formed 
is probably very nearly pure— it has been distilled (p. 13). 
But as the rain falls through the atmosphere it dissolves 
some of the gases, more especially carbon dioxide, oxygen, 
and nitrogen; solid matter — dust (p. 98) — is also dissolved 
or brought down mechanically. As soon as the rain reaches 
the earth it begins to take up other impurities, for although 
tfie materials composing rocks and soils (p. 290) are only, as 
( a rule, very sparingly soluble in wafer, they dissolve, never- 
theless, to a slight extent, the physical action of the water 
being greatly assisted by the previous chemical action of the 
carbon dioxide which it contains. The water, which then 
flows into streams or sinks into the earth, perhaps to reappear 
as well- or spring-water, continues its solvent action, and 
finally some of it again reaches the sea, and the cycle 
recommences. 

The quantity and the nature of the substances contained 
in different samples of fresh-water vary very largely, and 
depend on the nature of the soil or strata over or through 
which the water has passed. Some of these dissolved sub- 
stances have a great effect on the behaviour of the water, as 
explained later (p. 280). Sea- water, although it is continually 
receiving fresh quantities of dissolved matter, and losing pure 
water by evaporation, does not seem to alter appreciably in 
character, and contains about 3*6 g. of dissolved solids in 100 g. 
of sea-water; its specific gravity is about 1*03 at 0 W> . 

For drinking purposes it is not the dissolved mineral matter 
contained in ordinary fresh-water which is of so much 
importance, but the number and the nature of the living 
organisms or bacteria which may be present; hence the 
necessity of filtration (p. 22). 
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CHAPTER XIV. 

Carbon. 

Charcoal. — *\Yhon wood lias fieeu lmniiii" anil the fire has 
out, there remains a "ray powdery material (wood-ashes), 

;i i id any pieces oi' wood which have not been thoroughly 
burnt are blackened or charred where they liave been heated; 
such charred wood, or cltamta/, has been known from early 
times, and in countries where wood is plentiful it is prtjpared # 
b;, the process known as k chaveoal-biivniiig. 7 Small logs or 
billets of wood are built up into heaps and covered witti f*>ds 
nr earth, a shaft being left in the middle to serve as a 
chimney, and small holes at the bottom for the admission of 



Fig. 4fi. 


air (fig. 40). The burning is started at tlio bottom, and the 
supply of air is then carefully limited, so that the wood only 
smoulders. .After some weeks the fire dies out, and the 
product is wood-charcoal. 

Wood-charcoal may be quickly made on a small scale by 
heating some tin/ chips in an angle-tube (lig. 14, p. 36). At first 
aqueous vapour escapes, but soon tlie wood begins to ‘cliar/ 
find inflammable gases are given ofF, together with watery and 
tarry liquids which condense in the receiver (b) ; finally all 
signs of change cease, and wood-charcoal remains. It is clear 

Inorg. jj • 

t . 
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that chemical changes have occurred ; the materials of which 
wood consists do not melt or boil, but decompose. 

Charcoal is r sometimes prepared by heating wood in iron 
retorts ifi order to utilise the valuable gaseous and liquid 
products (p. 277). ° 

The term destructive distillation is applied to a process such 
as this in which a compound or a mixture of compounds 
decomposes, forming a (liquid) distillate totally different 
from the original compound or mixture. 

A piece of wood-charcoal lias the fortuitous shape of the 
Wood from which it has been prepared, and is amorphous 
6 (p. Si*); it is black, very brittle, very porous, and insoluble 
in water. When placed in water it floats, because it is 
buoyed up by the air in its pores; but when the water on 
which the charcoal is floating is boiled, this air is slowly 
expelled, and ultimately the charcoal sinks. Its specific 
gravity is about 1*5. 

When a piece of freshly heated wood charcoal is passed up into a 
tube containing a dry gas confined over mercury, the volume of the 
gas diminishes; the gas is absorbed by and Condensed* in the 
pores of the charcoal. When the charcoal containing it is heated 
in a vacuum the absorbed gas is given up again, and as both the 
charcoal and the gas are thus recovered unchanged, .and as the 
volume of the gas absorbed is indefinite, and depends on the* physical 
state of the charcoal, it is supposed that chemical union does not 
occur ; the gas is said to he occluded.* On account of this property, 
charcoal is used in hospitals and elsewhere for absorbing noxious 
gases. 

It is well known that charcoal burns in the air without 
smoke, leaving a gray, incombustible powder known as ash. 
The quantity of this ash is easily estimated by beating a 
weighed quantity of the sample, and weighing the residue 
until constant. The percentage varies from 0 5-4 *0 with 
different samples of charcoal. Now when charcoal is heated, 

* J volume of charcoal may absorb (occlude) as much as 9 volumes of 
oxygen, 85 volumes of hydrogen chloride (p. 142), or 90 volumes of ammonia 
(p. 260) at ordinary temperatures and pressures; at very low temperature 
absorption is so complete that almost perfect vacua may be obtained. 
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evon very strongly, out of contact with the air, it (Wes not 
hum or change in any way. The filaments which are made 
white-hot in the ordinary electric lamps are •charcoal, hut 
they do not burn because all the air ha^been pmnpeil out of 
the bulb. It may be inferred, therefore, that the burning of 
charcoal is caused by its combination with fyniie gas — probably 
the oxygen — of the air, and also, since part of it (the ash) 
docs not burn, that charcoal is not homogeneous. 

When a piece of dry charcoal is kindled and plunged into a 
jar of dry oxygen, it burns much more vigorously than in the 
air: as a rule the sides of the jar become temporarily covered 
with a lilm of moisture, a fact which shows that chtffcoal • 
contains (combined) hydrogen (p. 103). When thew gas 
remaining in the jar is shaken with lime-water the solution 
becomes milky, and it can he proved that this is due to the 
precipitation of calcium carbonate; the jar, therefore, con- 
tained carbon (lu/.rirff. Now it is possible, by the method 
described later, to collect and weigh the carbon dioxide which 
is formed when a known weight of charcoal is burned in 
ox\gen; it is thus proved that 1 g. of charcoal gives about 
3 to 3*5 g. of carbon dioxide. This fact shows that carbon 
dioxide is a cfunjmwuJ, because it is produced by the com- 
bination of some of the charcoal matter with oxygen; more- 
over, since the weight of this compound and the weight of 
the ash obtained from a given weight of charcoal vary with 
dilfcrent samples, it is also proved that charcoal is not a pure 
substance. 

This discovery that charcoal is not a definite sub- 
stance is not surprising. (trowing plants require mineral 
food, which is dissolved by water and absorbed bv their roots. 
The wood from which charcoal is made is not a definite 
substance, and consequently does not give, a pure product, 
even when it is heated until constant out of contact with the 
As charcoal is insoluble, not only in water hut also in 
all other ordinary liquids, it cannot be purified by crystallisa- 
tion ; nor can it bo distilled, as it does not even melt wjien 
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made white-hot. In fact, it cannot be purified by any of the 
ordinary methods (p. 33), and the only way in which it can 
be easily changed in the laboratory is by burning it. 

Carbjn. — Most vegetable substances leave some ash when 
they are burnt; but a few, which have undergone purifica- 
tion, as, for example, ordinary sugar, leave noiyi. When sugar 
is heated in an angle-tube. (fig. 14. p. 3G) out of contact with 
the air, it gives gases and liquids, and finally there remains a 
black, brittle substance, rather like wood-charcoal in appear- 
ance, which burns in oxygen, forming carbon dioxide. This 
Substance is called ninjar-rlmi'ronl. 

Ndw, as sugar is known to be a pure compound, the sugar- 
charcoal prepared from it by heating until constant (in 
aUsence of air) might also he expected to he a pure substance 
(p. 6 ( J). This is the case. When di Horen l samples, prepared 
with great care at the highest possible temperature, are com- 
pletely burnt in oxygen in the maimer described later 
(p. 123), and tlie carbon dioxide is collected and weighed, 
1 g. of the charcoal always gives 3*6 g. of carbon dioxide. 
Sugar- charcoal, therefore, is a pure substance, because it com- 
bines with a fixed proportion of oxygen, forming the compound 
carbon dioxide. Sugar-charcoal has never been decomposed; 
it is an element, and is called carbon. 

Carbon dioxide, one of the most important carbon com- 
pounds, is composed of 1 g. of carbon united with 2*6 g. 
of oxygen; its percentage composition, therefore, is carbon 
27*27, oxygen 72*73 (p. 125). 

Most crude animal and vegetable materials behave like 
wood when they are heated out of contact with the air, and 
give residues which consist partly of carbon, partly of mineral 
matter. Such residues burn, giving carbon dioxide, when 
they are heated in the air, and leave an incombustible ash. 
Animal and vegetable matter, therefore, consists of, or contains, 
carbon compound*. 

Dried blood heated out of contact with the air gives 
a residue known as animal or blood charcoal , while bones 
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yiold hone-blade, a mixture which contains a very largfe pro- 
portion of mineral matter and less than 10 per cent, of 
carbon. Lamp-black or soot (p. 134) consists almost ^entirely 

of carbon. • 

When a solution of litmus is passed through an ordinary 
tilter-paper, tin* filtrate is just as highly coloured as the 
original liquid, because the litmus is in solution and not in 
suspension (p. 22 ) ; when, however, a litmus solution is 
passed through a charcoal filler, some or all of the colouring 
matter is retained by the charcoal, which lias the remarkable 
properly of absorbing many substances from their solution*. 
Tins is best shown by adding some animal charcoal to a \farin ' 
litmus sohition, slinking for a few minutes, and then filtering; 
the iiltrate is colourless. This property of charcoal is applied 
commercially. Coloured impure solutions of brown sugar, for 
example, are boiled with animal charcoal, whereby the colour- 
ing matter is removed. ( hi evaporating the filtered syrup, 
white sugar is obtained. 

Wood-charcoal is used in making gunpowder (footnote t, 
p. 241), hut its principal use is as a fuel. 

Coal. — The ‘decay’ of vegetable matter covered with earth 
or water — that is to say, out of contact with tho air — is in 
some respects a process similar to charcoal-burning. Tho 
compounds of carbon decompose, gases are given oil* (marsh- 
gas), the materials darken, and (he percentage of carbon in 
the residue gradually increases. It is in this way that the 
different varieties of roof have been formed from vast deposits 
ol vegetable matter in the course of thousands of years. 

Ordinary coal contains from 70 to 90 per cent, of carbon, 
according to its age ; also hydrogen (5-7 ‘5 per cent.), oxygen, 
sulphur (p. 211), and nitrogen. These four elements are 
emu hint'd together, and form, no doubt, a great many dif- 
ferent solid compounds. Coal also contains many other 
compounds, which remain in a more or less changed condi- 
tion as ash when coal is burnt. This ash, or ‘ mineral * 
matter, varies from 1 to 20 per cent. There are injny 
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differ&it kinds of coal. Anthracite is a ‘smokeless* coal 
which contains 94-98 per cent, of carbon. 

When coaJr is strongly heated out of contact with air, it 
undergoes destructive distillation (p. 1 14), it* components are 
discomposed, and the elements contained in these compounds 
form a great number of new substances. Ordinary coal-gas, a 
mixture of many gases, is thus produced; also gas-liquor 
(p. 267) and coal- or gas-tar. The residue, coke, consists 
largely of carbon, but contains all tin* ash of the coal. 

Graphite. — Several black materials besides coal are found 
in the earth in relatively small quantities ; among others, 
thatf'kmnwi as </ra/>hite. 

Graphite occurs in beds or in separate lumps ; it is rather 
sfcel -gray than black, often shows a bright lustre, and is some- 
times found in large, distinct crystals. It is easily powdered, 
giving small scales which have a slippery or greasy feel, as 
they slide over one another fm*]\. For this reason graphite 
is used as a machinery lubricant in places too hot for oil. Jt 
leaves a black streak when drawn aeros* paper, ifcc. (</rapho 9 
‘I write*), as its scales easily rub off, and when mixed with 
fine clay it is used for making so-called Mead* pencils;* 
it is also used (under the. name of black-lead) for coating iron, 
as a conductor of electricity, and for making plumbago 
crucibles. The specific gravity of graphite varies from 2*0 to 
2*6, and its crystals are said to be hexagonal. 

When finely powdered graphite is strongly heated in an 
open crucible it does not seem to 1 burn,* hut on long continued 
heating most of it disappears, and a gray or reddi*h-hrown 
incombustible ash remains, amounting perhaps to about 5 per 
cent, of the graphite taken. If heated in a glass tube in a 
stream of oxygen, graphite burns brightly; on passing the 
escaping gas through lime-water, calcium carbonate is pre- 
cipitated; hence graphite contains carbon. Quantitative 
experiments carried out as described later (p. 123) prove 

* Graphite was once thought to he lead, or to contain lead, aR indicated 
by the name 'black-lead.’ 
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that after allowing for the 5 per cent, or so of ash or mineral 
matter, 1 gram of graphite gives about 3*63 grams of carbon 


dioxide, which corresponds with about # - 


3*63 x 27-27* 


100 


•=0*99 g. 


of carhuii ; graphite, therefore, is impure carbon mixed with 
some mhicuil matter. * 

Diamond. — A transparent, sparkling diamond , showing a 
beautiful play of colours, has apparently little in common 
with graphite or charcoal, and yet a diamond consists of 
nothing but the element curium , neglecting a minute quan- 
tity (less than 0*2 per cent.) of impurity. This is proved as 
billows : When a diamond is strongly heated in oxygen it* 
burns, tunning carbon dioxide ; by burning a known Trejght 
in a stream of pure oxygen and collecting and weighing the 
carbon dioxide which is thus formed, it is found that a unit 
weight of diamond gives 3*6 units of carbon dioxide, just as 
does pure (sugar) carbon, the minute quantity of negligible 
impurity remaining as ‘ash.’ 

Diamonds are found in South Africa, India, Brazil, and 
other places, and the natural ‘stones’ are dull but crystalline 
(the crystals being generally octahedral). For use as gems a 
they are cut and polished, but as the diamond is the hardest 
known substance, it lias to be polished with diamond dust ; 
its specific gravity is 3'5 to S'Q, and it is the densest known 
form of carbon. 

The three varieties of the element carbon, namely, char- 
coal, graphite, and diamond, differ from one another in many 
physical properties, but they are all infusible even at a white- 
heat, and insoluble in water and acids. Molten iron, how- 
ever, dissolves carl ion, and when iron ores are heated with 
coke or coal in order to obtain the metal, the latter dissolves 
amorphous carbon. On cooling, some of this dissolved 
carbon separates out in opaque lustrous crystals of graphite; 
under certain conditions, however, a few microscopic trans- 
parent crystals of diamond are also obtained, ns has been 
shown by Moissan. Further, when amorphous cartan is 
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heated very strongly out of contact with air it is transformed 
into a substance similar to graphite. I >iamond is also changed 
into graphite under these conditions. 

Since, ignoring possible, impurities, charcoal, graphite, and 
diamond all consist of one and the same kind of matter, 
namely, the element carbon, why lmvcs tfiey such very 
different physical properties? As the impurities, if any, 
could hardly cause these differences, it may be supposed that 
the particles of the carbon matter are arranged or disposed 
differently in the three varieties, the amorphous form having 
^no definite cr geometrical structure (compare p. 214). 


CHAPTER XV. 

Some Compounds of Carbon. 

Carbon Monoxide.— The gas carbon dioxide, which is so 
easily prepared from calcium carbonate (p. 02), and which 
is formed when any variety of carbon i* burned in oxygen or 
in the air, undergoes a remarkable change when it is heated 
with charcoal. This can be shown by slowly passing dry 
carbon dioxide through a long iron (or glass) tube containing 
coarsely powdered charcoal, and strongly heated in a furnace ; 
the escaping invisible gas is collected over water, and as it is 
extremely poisonous, and has no smell by which iU presence 
might be recognised, the greatest care must he taken not to 
let it escape into the room.* After collecting some jars of 
the gas in the usual manner, it can he shown that it is in- 
flammable and burns with a beautiful blue, almost n on- 
luminous flame * also that it is practically insoluble in water. 
This gas is called carbon monoxide. Obviously flic carbon 
dioxide has changed, and yet it has been heaved with car- 

* Many fatal accidents have; occurred with this gas, and its preparation 
Khmild only he undertaken by an experienced person, preferably in a goo4 
draught chamber. 
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bnn only. As carl ton dioxide is not changed when it is passed 
Ih rough a hot empty iron tube, it may be inferred that carbon 
dioxide and carbon combine together, or tlnft sonje of the 
oxygen in carbon dioxide is taken uwajsbv the red-hot carbon. 

The sample of gas obtained in the manner described above 
will almost cdHainly precipitate calcium* carbonate when it 
is shaken with lime-water ; this might he expected, as it is 
nut improbable that some of the carbon dioxide may have 
escaped contact with the carbon. In order to remove any 
unchanged carbon dioxide, the gas may be passed through 
tubes containing soda lime attached to the end of the iron 
tJio. When a jar of the gas thus purified is shaken with* 
lime-water a precipitate is W formed ; hut if the gas is now 
ignited and the contents of the jar again shaken, a precipitate, 
which can be proved to be calcium carbonate, is obtained. It 
is thus proved (1) that carbon dioxide is formed when carbon 
monoxide burns in the air; (2) that carbon monoxide contains 
carbon ; and since the gas is not carbon only, (.*1) that it also 
contains oxygen. As it combines with oxygen to form carbon 
dioxide, it must contain a smaller proportion of oxygen (a 
larger proportion of carbon) than does carbon dioxide. 

Carbon monoxide may he prepared from several carlxm 
compounds (p. 2K8). The purified gas obtained by different 
methods is constant in properties; its density, for example, 
is always 14, and its anhihilihj in water 2 4 at lf>°; a given 
weight of the gas always gives a fixed weight of carbon 
dioxide when it is burned (p. 122); the gas, therefore, is a 
definite substance. 

Carbon monoxide, is often formed in an ordinary coal or 
wood fire (p. 182) and in charcoal stoves and foot-warmers. 
When the gases from such burning materials are not led into 
a chimney, they may cause fatal accidents ; coal-gas is bo very 
poisonous because it contains carbon monoxide. 

At a moderately high temperature carbon monoxide, like 
hydrogen, withdraws and combines with the oxygen contained 
in copper oxide ; the metallic oxide is 4 reduced ' and carbon 
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dioxide is formed by the ‘oxidation* of the monoxide. As 
the percentage composition of carbon dioxide is known, that 
of carboy monoxide may be determined by a method very 
similar to that used in the case of water (p. 109). The dry 
gas is passed over a weighed quantity (excess) of heated 
copper oxide, and the carbon dioxide is eolle<*ued in weighed 
tubes containing soda-lime ; the loss in weight of the copper 
oxide gives the weight of oxygen which lias combined with 
the carbon monoxide. 

The following example shows how the composition is calcu- 
lated from the result : Weight of carbon dioxide collected, 
‘17*606 g. Loss in weight of copper oxide -- weight of 
oxygen, 6*401 ; therefore the weight of carbon monoxide 
winch has combined with 6 401 g. of oxygen is 17*606 - 
6*401 = 11*205 g. Now carbon dioxide contains 27*27 per 
cent, of carbon and 72*73 per cent, of oxygen (p. 125) ; there- 
fore 17*606 g. contain - ' = 4*801 g. of carbon 

and j--Q = 12*805 g. of oxygen. As the whole of 

the carbon was already present in the carbon monoxide 
1 burnt, 11*205 g. of this gas consist of 1*801 g. of carbon 
and 6*404 g. of oxygen. The percentage composition of 
carbon monoxide is thus found to be, carbon - 42*85, oxygen 
= 57*15, a result which has been established by many 
analyses. 

Sugar. — Common sugar, which is obtained from the sugar- 
beet and from the sugar-cane, is a well-known colourless, 
crystalline substance, readily soluble in cold water and having 
a sweet taste. When gently heated it changes its state and 
melts, but at higher temperatures it decomposes and chars 
(p. 116). The fact that carbon is obtained when pure dry 
sugar is heated in absence of air proves that sugar is a 
compound of carbon ; the liquid product, which is also 
formed in this process, is a mixture, from which by fractional 
distiyation and other methods water may be isolated ; hence 
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sugar contains the elements hydrogen and oxygen as # well as 
carbon. 

Now when sugar is heated in a glass tube through which 
a stream of oxygen is being passed, tin* sugar burns brightly 
and there, is no residue of carbon ; the escaping gas con- 
tains carbon dioxide and water vapour, a fact which shows 
that the carbon matter and the hydrogen matter in the com- 
pound sugar have combined with a fixed proportion of oxygen 
and formed the compounds carbon dioxide and water. If, 
therefore, a \yeighcd quantity of sugar were completely burnt 
and these two products wen* collected separately and weighed, 
t,h"n, as it is known that carbon dioxide contains # 27*27 # 
percent, (or ) of carbon, and water 11 ’ll) per cent, for ?,) 
of hjdvogen, it should be possible, to calculate the weight of 
carbon and of hydrogen in the known weight of sugar. 

A few attempts to analyst* sugar in tin's way would reveal 
ditlicultics ; it would he found that some of the sugar was 
decomposed into njhdile brown or tarry products which passed 
into the absorbing tubes. In order to prevent this and t<> 
ensure coinp/rfn cumhns/io?i y the weighed quantity of sugar is 
heated in a stream of dry purified air (free from carbon 
dioxide) in a glass tube which contains red-hot copper oxide, 
.lust as hydrogen and carbon monoxide abstract oxygen from 
healed copper oxide and are 1 oxidised ’ to water and carbon 
dioxide respectively, so also do the gaseous and liquid decom- 
position products of sugar; the consequence is that under 
these conditions the trhoiv of the carbon and hydrogen in the 
sugar are finally completely converted into carbon dioxide 
and water respectively (and nothing else). The water thus 
formed is collected in a weighed calcium chloiidc tube, and 
the dried carbon dioxide in weighed caustic soda-lmlhs; the 
increase in weight of these vessels is found by weighing 
again at, the end of the experiment, and the weight of the 
water and that of the carbon dioxide are thus ascertained. 

The apparatus used for such a process is shown and 
described in fig. 47. # 
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The fcibe (a, b) contains a layer of dry copper oxide (/,/) kept 
in position by plugs of asbestos (r, r), and the weighed quantity of 
sugar is contained in a small porcelain or platinum ‘boat’ (f/), be- 
hind width a roll of oxidised copper gauze (/:) is inserted to prevent 
tarry products from passing backwards into (j). The tube (a, b) is 
placed in the furnace (/.■), and is connected to the air-purifying 


a . b 



Fig. 47. 


apparatus (g contains caustic soda, h and j pumice soaked in 
sulphuric acid) and to tin* weighed calcium chloiidc tube (/) and 
the weighed bulbs (///), which contain stiong caustic soda and 
(at m r ) dry soda-lime. A si rest in of air is passed slowly through 
the apparatus, the copper oxide is heated to redness, ami the sugar 
is then slowly heated until it is completely burnt to carbon dioxide 
ami water. 


From the results of the analysis or rot ah nut ion the per- 
centage composition of sugar may be calculated. 

Emm file. — 0*1 71 0 g. of sugar was burnt; weight of water 
formed 0*0991 g. ; weight of carbon dioxide formed 0*26.S0 g. 
Now water contains 11*19 per cent, of hydrogen (p. 110); 


therefore 0*171 g. of sugar contains 
0*0991 x 11*19 x 100 


0*0991 x 11*19 
100 


hydrogen, or 


100 x 0*171 


0*48 per cent. 


Carbon dioxide contains 27*27 per cent, of carbon (p. 125); 


therefore 0*171 g. of sugar contains 


0*20, ‘16 x 27*27 


100 ' k- of 

, 0-2G36 X 27-27 X 100 .... 

carbon, or 1(K) ~ 0 .y 71 - - - 12 01 per cent. 

It. will be seen that the percentage of carbon, plug the 
percentage of hydrogen, is only 4» 52 ; as it is kuown that 
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pngnr also contains tlie element oxygen (p. 122), ftnd no 
other element lias ever been obtained, from it, the difference , 
100 - 48*52 — 51*48, gives the percentage of* oxygen ; the 
composition of sugar, therefore, is, carbon 42*04, hydrogen 
0*18, oxygen 51*48 per cent. 

The estimation of one constituent of a compound in this 
indirect manner by difference is often c onvenient. 

The percentage composition of other (pure) compounds of 
carbon may be determined by combustion in this way. 

When oil of turpentine is thus analysed it is found that 
the percentage, of carbon is 88*2, and that of hydrogen 11 *f?; 
th'‘se values together = 1 00, and it is thus proved that this* 
oil is a compound of carbon and hydrogen only, fticli a 
compound is railed a bjidmcarhnu . Naphthalene and benzene 
and the gas acetylene are hydrocarbons ; petrol and paraffin- 
wax are lithium * of many hydrocarbons; coal-gas, when 
purified for domestic use, is a mixture of many different 
hydrocarbons (methane, Are.), hydrogen, carbon monoxide, 
and other gases. 

The weight of carbon dioxide produced from a known 
weight of sugar-charcoal, wood-charcoal, graphite, Are. is also 
found by making a combustion in the manner described ; it 
is thus ascertained that 1 g. of /mre carbon gives .’H> g. of 
carbon dioxide, from which result the percentage, composition 
of carbon dioxide is calculated ; also that wood -charcoal 
contains about 05 pel* cent, of carbon and 1 per cent, of 
hydrogen, as well as about 4 per cent, of mineral matter. 
The i^centage of carbon and hydrogen in materials such as 
wax, tallow, Kood, coal, and coke is found in a similar 
manner. 

Starch, like sugar, is a compound of carbon, hydrogen, 
and, oxygen; it occurs in* most plants, and is very abundant 
in cereals (wheat, barley, maize, Are. ) and in some tubers 
(potatoes). It is not crystalline, but occurs in rounded or 
oval grains, which, under the microscope, have sometimes a 
very characteristic appearance, so that the starch of # one 
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specie^ of plant may often be distinguished from that of 
another (tig. 48). Starch is insoluble in cold water, and 
gives a thick ^>aste when it is boiled with water. It burns, 
and, wliJn pure, leaves no ash. 

Alcohol, ethyl alcohol, or spirit of wine has been known 
(in an impure fojni) from the earliest times, since it is 
produced when grapes are crushed and their juice is allowed 



Potato Starch. "Wheat Starch. 

Fig. 48. 


to stand at ordinary temperatures, the liquid becoming irim. 
The alcohol is formed from sugars which are contained in the 
grape-juice, these sugars being decomposed into alcohol an<] 
carbon dioxide by a plant, yeast, which grows on the outside 
of the grapes ; the escape of the carl ion dioxide during the 
decomposition causes a bubbling and frothing, the liquid 
ferments , and the process is called fermentation. 

Pure alcohol, which can be separated from the water and 
other substances by fractional distillation (followed by other 
methods of purification), is a colourless, mobile liquid, miscible 
with water; it boils at 78°, and dissolves many substances 
which are insoluble in water (]>. 22). Ji burns in the ail* 
with a flame which is only feebly luminous (spirit-lamps), 
forming water and carbon dioxide ; it is composed of carbon 
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r y >- 2, hydrogen 13*0, and oxygen 34-8 per cent. The Intoxi- 
c.iting action of beer, wines, and spirits is due to the alcohol 
they contain. • 

Methyl alcohol, or wood-spirit, or wqpd-naphtha is one of 
the products of the destructive distillation of wood (p. 277); 
it boils at 662, and is very like ordinary alcohol (ethyl 
alcohol) in its properties; it is composed of carbon 37-5, 
hydrogen 12 ‘5, and oxygen 50 per cent. 

AMIu/latvil spirit is a mixture of ethyl alcohol, water, and 
crude wood -spirit. 


CHAPTER XVI. 

Combustion. 

All those materials, such as coal, coke, charcoal, paper, oil, 
wax, tallow, spirit (alcohol), petroleum,* coal-gas, <fcc., which 
are used in daily life for generating heat (fuels) or light 
(illumimints) by their combustion, are of vegetable or animal 
origin ; as has been already stated, most of them give a 
residue containing carbon when they are strongly heated out 
of contact with the air, and when heated in the air they 
' burn away/ some of them leaving an incombustible residue 
or ash (mineral matter). That they all contain carbon is 
easily proved by burning them separately in gas-jars contain- 
ing air or oxygen, and then testing the contents of the jar 
with lime-water ;t in every case a precipitate of calcium 
carbonate is formed. That they all contain hydrogen is 
also proved in a simple manner ; on burning a tallow or wax 

* Petroleum, like coal, in obtained out of the earth, and is often called 
mineral oil, bu* it may bo of vegetable or animal origin nevertheless. 

t Although the air contains carbon dioxide, the quantity of this gas is so 
small that lime-water, shaken in a gas-jar containing a small volume of air, 
is hardly changed ; it is only when lime-water is left freely exposed to the 
that it slowly gives a perceptible precipitate. 
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candle* an oil, spirit, or petroleum lamp, or a piece of dried 
paper in a dry gas- jar, a dew or lilni of water is deposited. 

Such ordinary combustible materials may also be analysed 
quantitatively as already described (p. 12:1), and thus proved 
to contain carbon and hydrogen, generally also oxygen (by 
difference), and a si 4. *. 

Since burning or combustion proceeds in oxygen, and more 
rapidly than in air, and immediately ceases if the burning 
material is plunged into nitrogen, it must be concluded that 
ordinary ‘burning 7 is a process in which compounds of carbon 
and hydrogen, or of carbon, hydrogen, and oxygen, dccom- 
• pose*and combine with atmospheric oxygen, forming carbon 
dioxide and water. 

TChis conclusion may be eonlinned in many ways. 

A burning candle placed under a dry boll-jar resting on a glass 
plate soon ‘goes out, 7 because the jar eon tains a limited quan- 
tity of ox \ gen ; carbon dioxide 
is formed, as may be, easily 
proved, and dew is seen on the 
inner surface of the hell-jar. 

When a burning candle is 
placed in a basin floating on 
water and covered with a bell- 
jar, the flame soon goes out, 
because U10 candle cannot bum 
when the proportion of oxygen 
falls to about 1G per cent. ; the 
diminution in volume, of the 
enclosed air, therefore, is not 
nearly so great as in the case 
of burning phosphorus (p. 91), 
and, moreover, carbon dioxide 
is produced in the place of some of the oxygen. 

If a .candle is placed under the glass cylinder (fig. 49), 
which is loosely filled with soda-lime (p. 79) supported by 
copper gauze, and, after being counterpoised, the candle is 
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lighted, the pan on which the candle and cylinder are placed 
soon descends; the carhon dioxide and water which have 
hoon formed are retained by the soda-lime, anfl the 9 sum of 
the weights of these products is groaterHhan the sum of the 
weights of the materials which have been burnt. 

Similar experiments may be performed With other ordinary 
combustible materials, with similar results. 

During many years the phenomena of combustion were sum- 
marised ami explained on the basis of a hypothesis which, first put 
forward by Becher (1635-81), was developed by Stahl (1660-1734). 
and was known as the Phlogistic Theory. It was supposed that 
all combustible materials contained something which was •ailed « 
phlogiston, and that burning was caused by or resulted in the 
escape of this phlogiston, the ash, if any, which remained consist- 
ing of dephlogisticated (without phlogiston) matter. Materials 
such as charcoal, which leave very little ash, were thought to be 
rich in phlogiston, whereas those such as lead and tin, which when 
heated (in the air) give large residues (or calxes), were thought to 
contain very little. When a calx such a s litharge is heated with 
charcoal, the metal is obtained ; this was explained by assuming 
that the calx absorbed and fixed phlogiston from the charcoal. 

The fact that combustion ceased in a confined volume of air >vas 
explained by assuming that the air became saturated with phlogiston 
and could not take up any more from the combustible material, 
lienee when oxygen was discovered and it was found that com- 
bustion took place in this gas more readily than in air, this was 
supposed to he due to the absence of phlogiston from the gas, and 
the gas was called by Priestley * dephlogisticated air* (p. 82). 

The quail titative experiments canied out by Lavoisier, some 
of which have been referred to (p. 88), and those of other chemists, 
finally led to the abandonment of the Phlogistic Hypothesis (which 
had served its purpose) and to the adoption of those views on 
combustion which are held to the present day. 

Although it is thus possible to show and to explain the 
results of the burning or combustion of ordinary materials in 

simple manner, the changes which occur are in most cases 
very complex for two reasons: (1) The materials are often 
mixtures of many different compounds. (2) These compounds, 
as a rule, are not directly or immediately converted into 
carbon dioxide and water, but first undergo various qjbher 
. l 
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changes or decompositions, caused l»y the heat, before they 
come into contact with the atmospheric oxygen. (Compare 
the results of heating sugar, p. 11(>, and also the description 
of a caiulle-ilame, p. 132.) 

No farther explanation need l»e given, except Cn regard to one 
point which may oiler some difficulty. Most ordinary combustible 
substances, such as sugar, even when carefully dried, ghe rise to 
water when they are strongly heated out of contact with the air, 
and therefore contain combined oxygen, as well as carbon and 
hydrogen. The three kinds of matter of which those elements 
consist are combined together in a fixed proportion. Oil heating 
, the sKgar in the air — that is, on burning it- -the carbon matter and 
the hydrogen matter are finally completely separated, and each 
eojnbfties with oxygen matter; some of this oxygen matter comes 
from the substance itself, but this is not enough for the united 
wants of the carbon and hydrogen, and the rest is obtained from 
the surrounding air. 

Since ordinary burning or combustion is thus a rapid 
chemical change or series of changes in which a development 
of heat and light occurs, the term combust inn may he applied 
to all other occurrences of a like nature ; thus the rapid 
chemical change which occurs when sulphur, phosphorus, 
iron, copper, or hydrogen is heated in oxygen is also spoken 
of as combustion. The term combustion, in fact, is used in 
a very much wider sense, and is even extended to changes 
such as those which occur when phosphorus or iron combines 
slowly with atmospheric oxygen at ordinary temperatures 
(p. 91) although there may he no emission of light : the 
reason being that the final results of such changes are essen- 
tially the same whether they take place rapidly or slowly. 

In connection with such changes one of the materials or 
substances concerned — coal-gas, for example — is spoken of os 
combustible , and the other, if a gas, as a ‘supporter of com- 
bustion ;* it is clear, however, that as combustion is a change 
in which two materials play an equally important part, there 
is no reason why they should he thus distinguished, and it is 
equally true to say that air (or oxygen) is combustible and 
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coal-gas a supporter of combustion. This will be obvious 
from a consideration of the following experiment. 

A lamp-glass is fitted up as shown (fig. 50> I.), # the top 
bring loosely covered with an asbestos card. A rapid stream 
of coal-gas is then led into the glass through (a), and when 
the air has been displaced the cod-gas may be ignited at the 




end of the tube (h) as shown ; if the asbestos card is then 
removed air is drawn into the glass by the upward current, 
and the flame at (ft) is seen to ascend slowly until it readies 
the top of the tube, where it continues to burn as shown in 
the figure (LI.) at (c). This flame (c) is that of air burning 
m coal-gas ; the air is combustible, the coal-gas a supporter of 
its combustion, The cod-gas escaping from the top of # the 
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lamp-glass may be lighted, to show at the same time the flame 
of coal-gas burning in air. 

Flanjje. — fii the burning of copper and of iron no flume is 
seen ; a flame is only formed in the combustion of gases or 
vapours. In the case of a burning candle, for example, the 

materials of the wa*. are first melted 
and drawn up into the wick, and 
then decomposed into gases and 
vapours by the heat of the flame ; 
combustion then takes place all over 
the surface of this jet of gaseous 
matter, causing the visible luminous 
region termed tli ujfanw. When a 
small glass tube is iixed in the 
centre of a candle-flame as shown 
in fig. 51, some of these gases and 
vapours pass along the tube and 
may be ignited'at the end (a). The 
cause of flame is also illustrated in 
ail ordinary coal-lire. When the 
coal is first heated long flames shoot 
out, because the compounds in the 
coal are decomposed by heat, giving 
combustible ijohph and vapours 
(coal-gas) ; when these compounds 
have been decomposed the flames die out, because only the 
solid carbon of the coke or cinders is then burning. After 
some time, however, if a red-hot, fairly deep layer of cinders 
has been formed, a beautiful blue flame is seen ; this is the 
flame of carbon monoxide (p. 120). At the bottom of the 
grate, where the air enters, carbon dioxide is produced ; passing 
up through the red-hot cinders, this gas takes up carbon, 
forming carbon monoxide, and then when the hitter comes 
into contact with the fresh air flowing over the top of the fire 
it burns to carbon dioxide. For the same reason a small 
flame is sometimes seen during the burning of clmrcoaL 
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Some flames, such as those of burning hydrogen %nd of 
burning carbon monoxide, are almost lion-luminous,* whereas 
those of the vapours from wax, oil, and most ecommon com- 
bustible materials are yellow or wliite # and luminous, as are 
also particularly those of burning magnesium and phosphorus. 
Experiments show that a flame is nearly always noil-luminous 
when it does not contain solid particles, and that the lumin- 
osity of a flame may be attributed to the presence of solid 
particles, heated to a high temperature, until they are 
incandescent. 

in the flames of burning phosphorus and magnesium (some 
of the clement is converted into vapour) the solid partic4es of ■ 
the oxides which are produced are heated to incandescence. 
In the flames of ordinary materials, such as oil, wax, coal-^fis, 
&c., there are incandescent particles of solid carbon ; on 
passing slowly a clean white plate through such a flame, 
these particles are cooled, settle on the plate, and blacken it. 
It can be proved that this deposit of 4 soot ’ consists of (impure) 
carbon. 

The presence of such solid particles in the flames of burning 
carbon compounds is easily accounted for ; most carbon com- 
pounds are decomposed when they are heated out of contact 
with the air, giving various gases and vapours and solid 
carbon (p. 116). Such decompositions take place within the 
flame, and as combustion can only go on at the outside, where 
the jot of gases comes into contact with atmospheric oxygen, 
the particles of solid carbon inside this jet are merely heated 
to incandescence until, in their turn, they pass to the outside 
and undergo combustion. 

When the decomposition of the carbon compounds in this 
way is too rapid, or when the air-supply is limited (which 
comes to the same thing), some of the carbon particles do not 
get burnt and are seen escaping from the flame, forming 
‘smoke.' A little benzene or petroleum burning on an open 

*Thc flam© of pure hydrogen burning in a dust-frce atmosphere is 
invisible, even in the dark. 



134 


COMBUSTION. 


iron tuny gives a very smoky flame, because these substances 
contain a very large percentage of carbon; by burning trj, 
turpentine, petroleum, &c. in a limited supply of air and 
passing # the smoke into chambers where it settles, a flue 
powder (soot) called lamp-black is obtained. This consists 
principally of carbon, anti is used in making printer’s ink, 
Indian ink, and black varnishes. 

Simple experiments on flames may be made with a Bunsen- 
bum er (fig. 1, p. 6). When the .air-holes at the bottom 
of the burner are closed the flame is luminous, and deposits 
tfbot on any cold object held in it; when the air-holes are 
, opened, the air mixes with the coal-gas escaping from the 
small # aperture (a), and by the time the carbon compounds are 
decomposed in the flame, they are in intimate contact 
with so much atmospheric oxygen that the carbon 
is immediately burnt to carbon dioxide or carbon 
monoxide. If a solid, incombustible substance, 
such as a piece of platinum wire or a piece of 
quicklime (wrapped in a loop of platinum wire) is 
held in a Bunscn-flame, the solid is heated to 
incandescence and emits light. In the ordinary 
incandescent gas-light, certain oxides of which the 
mantle is composed are heated to incandescence 
in a n on-luminous Bun sen-flame. The hotter the 
flame the greater the incandescence. A platinum 
wire or a piece of quicklime held in the flame of 
hydrogen emits more light than in the Bunsen- 
flame, as the temperature of the former is 
higher. 

a platinum wire is held across a Bunsen-flatne (fig. 
52) and moved into different parts, it glows most brightly in 
the region (a) which is the hottest ; the inner cone (b) of the 
flame is much colder. The flame of hydrogen or of ooal-gvts 
burning in a supply oi oxygen is very much hotter than that 
<A same gas tain; m aw, Vxause \u V\ve aXmes^we 

tW-e is bo mucli nitrogen, and some of the heat IS Used Up fa 



Fig. G2. 
When 
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raising the temperature of this gas ; when no nitrogen is 
present, all the heat developed goes to raise the temperature 
of the products of combustion. Such a flajne, the oxy- 
hydmgen or oxy-coal-gas flame, may be^ safely produced with 
the aid of the blowpipe burner shown in fig. 2 (p. 7) ; the 
hydrogen or <^>al-gas which enters by the tube (b) is first 
lighted, and then the oxygen-supply is connected with the 
tube (r)* The gases do not meet except at the end of 
the burner (a), where they combine without explosion, pro- 
ducing a very high temperature (2000°). Platinum melts 
in the oxy-hydrogcn flame, and a watch-spring held in it 
hums rapidly, throwing off sparks of molted iron and iron , 
oxide ; when tho flume is directed on to dry quicklime, the 
latter glows with an intensely bright light, the ilrummond- 
or lime-light. 

Heat of Combustion. — When a fixed weight of a pure 
substance (clement, or compound) is completely burnt — that is 
to say, converted into one or more products of fixed weight — 
the quantity of heat generated in the process is constant; thus 
if 1 g. of pure charcoal is burnt to carbon dioxide the heat 
developed is 8300 calorics , t or a quantity which would raise 
the temperature of 8300 g. of water 1°. Similarly, when 1 g. 
of pure hydrogen is burnt to water, the heat developed is 
31,200 calories. The quantity of heat developed in this 
way, expressed in calories, is termed the heat of combustion of 
the substance (element or compound). 

Now tho process known as combustion is merely a very 
familiar type of chemical change, and it has been found that 
in enenj chemical change between fixed weights of substances 
a fixed quantity of heat is developed or absorbed under fixed 
conditions. As this heat development (or absorption) is 
generally tho result of the union of two substances, it cannot 

* Oxygen and hydrogen, liko carbon dioxide, are Bold in steel cylinders, 
into \Ay\c\x t\vey ate pumped wnAa* Ynvfti pleasure. 

^ k q&oxSa \a tVu v\u*\\t\ty vA W.t to t\vo tempmtaaxu d 

1 S* oS water from 4° to 5°. 
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be attributed to one of them only ; it is a measure of some- 
thing common to them both, or to the system. Hence, in- 
stead of sayjng that the heat of combustion of charcoal is 
8300 calories, it is saitl that the heat of formation of a certain 
fixed weight of carbon dioxide is x calories.* 

Now, since heat is a form of energy, apd energy, like 
matter, cannot be created or destroyed, but can only be 
changed into some other form of energy (heat, light, elec- 
trical energy, &e.), the quantity of energy in a given (original) 
system is different from that contained in the product or 
products (final system) after a chemical change has occurred 
, under any ordinary conditions ; t thus the system [hydrogen 
1 1 *2 g. + oxygen 88*8 g.] lias far more energy than the 
product (final system) [water (100 g.)] ; the system [carbon 
27*3 g. + oxygen 72’7 g.] far more than the system [carbon 
dioxide (100 g.)]. In older to reproduce the original from 
the final system in either of these cases, energy (in the form 
of heat or its equivalent) must be supplied to tlie final system 
to an amount equal to that which was dissipated during the 
chemical change ; thus, since the combustion of 11*2 g. of 
hydrogen gives 34,200 x 11*2 calories, this same quantity of 
heat or other form of energy is required to obtain 11*2 g. 
of hydrogen and 88-8 g. of oxygen from water. 

Those changes or reactions which give rise to a develop- 
ment of heat are called exothermic reactions ; if strongly 
exothermic they generally proceed by themselves when once 
they have started, as, for example, all ordinary combustions. 
Changes in which heat is absorbed (that is to say, in which 
the energy of the final system is greater than that of the 

* The unit of weight adopted in stating the heat of formation of a sub- 
stanoe is not 1 grain, but 1 grain-molecule (p. 107). 

f The liw of the conservation of energy, which is based on experimental 
evidence, may be stated as follows : 'In an isolated, or limited, system, the 
sum of the various forms of energy remains constant/ Thus if the system 
hydrogen + oxygen could be so isolated that beat or other form of energy 
could not escape from or pass into it, then if and when the elements com- 
bined the sum of the chemical energy and of the beat energy of the final 
system would be the same as that of the original system. 
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original one) are called endothermic , and such usually require 
a continuous supply of heat, without which the change ceases ; 
thus the decomposition of calcium carbonate (ft of jpercuric 
oxide is an endothermic reaction. • 

An exothermic compound is one in the formation of which 
heat is dcvc^ojted, and which therefore requires a supply of 
energy for its decomposition. An endothermic compound 
requires a supply of energy for its formation, and this energy 
is given out again in its decomposition. 

The development or absorption of heat is not peculiar 
to chemical change. Physical changes such as the lique- 
faction or solution of solids, the vaporisation of liquids, &c. ' 
are also accompanied by a change in the energy of the 
system. 

Impure substances and mixtures such as coal, wood, coke, 
&c. have not, of course, a fixed heat of combustion; the 
quantity of heat given out in the burning of unit weight of 
such materials varies with different samples, and is termed 
the calorific value of the material. 

Food — Breathing. — The heat which is generated during the 
combustion of tallow, oil, sugar, (fee. is one of the results of 
the oxidation of these materials to carbon dioxide and water. 
These and many other animal and vegetable products, con- 
sisting of carbon com]>ounds, which are taken as food by 
animals, undergo similar changes within the body ; that is to 
say, they arc finally oxidised by atmospheric oxygen, which 
is taken into the lungs, and there brought into contact 
with blood-vessels, through the thin walls of which it passes 
(diffuses, p. 164), and is then carried by the blood-stream to 
all parts of the body. The oxidation products, carbon 
dioxide and water, are returned to the lungs, and pass out of 
the system at every expiration. Aquatic animals obtain the 
free oxygen necessary to their life (with the aid of their gills) 
from the gas which is dissolved in the water. Fish die when 
placed in cold water from which the dissolved ‘ air 9 has been 
expelled by boiling. # 
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That carbon dioxide is contained in expired air in much 
larger proportion than in the atmosphere is shown with the 
apparatus (ti^. 53). The bottles contain lime-water; apply- 
ing the mouth to (<t) and inhaling, 
air is drawn through the lime-water 
in ( b ) into the lungs ; on exhaling, 
the expired air bubbles through 
('*), and one deep breath is suffi- 
cient to render the lime-water in 
(c) milky, while that in (h) shows 
no perceptible turbidity. 

The body temperature of living 
animals is thus kept above that 
of their .surroundings by the com- 
bustion or oxidation of compounds 
of carbon ; further, the muscular 
work which an animal performs 
is chemical energy, derived from its food, just as the work 
performed by a steam-engine is derived from its fuel. 

Hence the necessity of oxygen to animal life ; the nitrogen 
of the atmosphere passes into and out of the lungs unchanged. 

Since expired air contains a much larger proportion of 
carbon dioxide (namely, 4*4 per cent.) tlmn ‘fresh air/ a 
confined atmosphere in which human beings or animals are 
living gradually gets changed and becomes ‘bad 7 or ‘ vitiated/ 
and the percentage of carbon dioxide in the air of a crowded 
room may rise to moro than ten times that in ‘fresh 7 air. 
Although carbon dioxide itself is not poisonous except in 
very large doses, such bad or vitiated air has a very baneful 
and depressing effect on the human system, probably because 
it also contains small quantities of disagreeably smelling and 
poisonous vapours which have been expired ; hence the prime 
importance to health of fresh air and ventilation. The per- 
centage of carbon dioxide in a confined space? is also appreci- 
ably increased by the combustion of candles, lamps, coal-gas, 
&c. as illuminauts ; here again it is probable that small 
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quantities of other products of decomposition are* more 
harmful than the carbon dioxide itself. The products of 
combustion of an ordinary coal-fire pass up Jihe chimney, 
and the draught thus caused is an # efficient aid * to the 
ventilation of a room. 

Living plant* like animals, require a supply of free oxygen, 
which is absorbed and made use of for the oxidation of 
carbon compounds. But plants also al)sorb carbon dioxide 
from the air during daylight, and within their leaves ('which 
contain a green material called chlorophyll) this gas is decom- 
posed into substances containing a smaller percentage of 
oxygen. These substances, the nature of which is not known ■ 
with certainty, are retained by the plant as food, and J'rom 
them the numerous products of vegetable life (starch, sugUr, 
wood, &c.) are produced. The oxygen which is set free in 
the decomposition of the carbon dioxide passes into the air. 
This process of a mmihdion, the conversion of carbon dioxide 
into less highly oxidised materials containing much more 
chemical energy, is practically the reverse of the changes 
which occur in the process of ordinary combustion. Knergy 
is stored up in the vegetable products, and its source is the 
light of the sun ; in the dark this process stops. 

As the volume of oxygen given out by plants is greater 
than that absorbed, it follows that the effect of vegetable life 
on the composition of the atmasphe.ro is on the whole the 
reverse of that of animal life. This counterbalancing action, 
no doubt, plays some part in keeping constant the composi- 
tion of the atmosphere, but the volume of the latter is so 
enormous that the elfect of either change alone may be 
regarded as insignificant. 

Although animal and vegetable matter is principally com- 
posed of compounds of carbon, hydrogen, and oxygen, mtroyen 
is also an important constituent of living matter. The 
elements sulphur, phosphorus, chlorine, iron, potassium, 
magnesium, and calcium, in a combined form, are also neces- 
8arv in small quantities to animal and vegetable life. * 
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. * CHAPTER XVII. 

Chlorine and Hydrogen Chloride. 

« * 

Pyrolusite, a black crystalline material found in the earth, 
has been kgiown for a long time, and is now called manganese 
dioxide . When this mineral is placed in the flask (fig. 54) 

and warmed with 
some hydrochloric 
acid (compare foot- 
note f, p* 62) a 
yellowish-green gas 
is evolved, and the 
manganese dioxide 
j >asses into a soluble 
substance.* This 
gas was discovered 
by Scheele (in 
1774), and is named 
chlorine (chloros, 
pale green). It has 
a very unpleasant 
and irritating odour, 
and it is very dan- 
gerous to inhale it 
even when it is 
largely diluted with air, so that all experiments with chlorine 
should be carried out in a fume-cupboard. Chlorine is soluble 
in water (its solubility is 237 at 15°), it attacks and combines 
with mercury, and it is heavier than air ; for these reasons 
it is collected by displacing air upwards, as shown above, 
and when it is seen that the gas-jar is filled, it is covered 
with a plate smeared with vaseline. Chlorine is non-inflain- 

* This change is explained later (pp. 209, 286). 
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mablo ; a lighted candle plunged into it continues to* bum, 
but with a small, dull-reddish, * smoky ’ flame, and the walls 
of the jar l>ecome covered with soot (impure carbon ).^ Many 
substances take fire spontaneously anti, 4 burn ’ in chlorine, 
especially certain metals, when in the form of thin leaf or 
fine powder; phosphorus plunged into the gas on a defla- 
grating-spoon (p. 83) takes fire, forming colourless fumes. 

When chlorine is prepared in the above manner some 
‘hydrochloric acid* may be carried over with the gas; for 
this reason the chlorine may be washed with a little water 
(p. 67), which at first dissolves some of the gas, but soon 
becomes saturated with it. The hydrochloric acid is pifesent 
in relatively small quantities, and is so soluble that it* con- 
tinues to dissolve long after the solution is saturated wfth 
chlorine. The gas may bo dried by bubbling it through 
sulphuric acid. Chlorine may be prepared in many other 
ways. The purified gas obtained by different processes is 
constant in physical and chemical properties, and is an 
(dement ; its density is 35‘2. 

Chlorine, like oxygen, combines directly with many other 
elements, and the compounds thus formed are termed 
chlorides; thus copper chloride and phosphorus chloride are 
the products when copper and phosphorus respectively ‘ burn * 
in chlorine. As already stated, ‘ burning * in the chemical 
sense of the word does not imply the presence of oxygen. 
When litmus solution is shaken with chlorine the colour 
disappears ; and when a piece of calico coloured with any 
vegetable dye, such as Turkey red, is wrung out in water ami 
then suspended in ajar of -chlorine, it is also ‘bleached;’ 
when, however, the fabric is well dried and suspended in a 
jar of dry chlorine, the dye is not attacked. Hence chlorine 
bleaches, hut only when ’ water is present. The reason is 
given later (p. 285). Many ordinary inks are bleached by 
moist chlorine, but printer’s ink, which consists principally 
of carbon (p. 134), is not; chlorine does not act on carbon 
even at high temperatures. 

t 
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Chlorine is a powerful disinfectant ; that is to say, it kills 
living organisms of all kinds. It is prepared commercially 
for making 4 teaching powder * (p. 286). The aqueous solution 
of chlorine has the colour, smell, and bleaching properties 
of the gas, and is called Marine water . 

• *■ 

Hyduooen Chloride. 

It has already been stated that a 4 fuming * gas is liberated 
when sulphuric acid and common salt (sodium chloride) are 
heated together, and that a solution of this gas in water is 
called hydrochloric acid (p. 39). It is this solution which 
is ustd in the preparation of chlorine, and the gas itself may 
now he studied. 

The gas is prepared by gradually adding sulphuric acid to 
sodium chloride (compare footnote f, p. 62), and suitable appa- 
ratus is shown in fig. 54 ; effervescence sets in immediately, 
and an invisible gas, which ‘fumes* in the air (compare foot- 
note, p. 39), is evolved. As this gas is very soluble in 
water and rather heavier than air, it is collected by displacing 
air upwards. When the addition of more sulphuric acid 
causes no further evolution of gas, the contents of the flask 
are gently heated ; the compound which remains in the flask 
is referred to later (p. 258). 

The gas has no distinct smell, but has a very choking and 
irritating effect when inhaled ; it extinguishes a burning taper 
(so it is easy to test when a jar is filled) and is non-inflam- 
mable. 

The solubility of the gas in water is clearly shown by 
inverting one of the jars of the gas in the pneumatic trough ; 
if the gas is free from air, the water immediately rises and 
fills the jar. 

The gas evolved in presence of sulphuric acid, which is 
very hygroscopic, is free from aqueous vapour. If pre- 
pared from pure materials it is itself pure, and is con- 
stant in properties ; for example, its density is always 18*1. 
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It iB, therefore, a pure substance, and is called hydrogen 
chloride. 

Hydrochloric acid.--AVheu hydrogen chloride is ^bubbled 
into water the gas dissolves so rapidly that the bubbles 
do not reach the surface, and the water becomes warm. 
If the gas is •generated in ah 
apparatus such as that shown in 
fig. 5f>, in which the sulphuric 
acid is dropped on to the salt 
from a stoppered funnel (a), a 
pipette ( h ) is used instead of an 
ordinary delivery-tube, so that the 
water cannot he drawn into the 
flask.* As the solution becomes 
more concentrated the gas dis- 
solves less readily, and finally 
the water is saturated under the 
given conditions and begins to 
fume, the solution cooling down 
again. 

The solubility of the gas at 15° is very high (about 
15,000), and a solution saturated at this temperature con- 
tains about 43 per cent, of hydrogen chloride and has a 
sp. gv. of 1*21. Such a solution is called hydrochloric, acid 
nr concentrated hydrochloric, acid ; if mixed with, say, two 
nr more volumes of water it is called dilute hydrochloric 
acid. 

When concentrated hydrochloric acid is heated some of the 
dissolved hydrogen chloride escapes and the solution becomes 
more dilute. This more dilute solution then evaporates or 
distils unchanged, leaving no residue ; hence hydrochloric acid 
is volatile . 

Hydrochloric acid has a sharp, sour taste ; it burns or irri- 

* The gas is so soluble that the water may rise in the pipette, but if the 
end of the pipette dips only just below the surface of the water, air fa 
drawn in before the bulb is filled. M 
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tates tTie akin, turns blue litmus red, and attacks or corrodes 
marty metals. These are properties which are shown by 
many sqbsianfces, namely, those which are classed together as 
‘acids* (p. 248). When zinc, iron, or magnesium is placed 
in hydrochloric acid, the metal dissolves chemically and 
hydrogen is rapidly evolved ; but lead is only attacked very 
slowly even on heating, and silver is not acted on. 

The water contained in hydrochloric acid is not regarded as 
impurity, because the only convenient way of storing and using 
hydrogen chloride is in aqueous solution. The weight of the 
gas in any sample of the acid is very easily determined by 
r methods to he described later, and the ordinary commercial acid 
(sp. gr. 1*1(5) contains about S3 per cent, of hydrogen chloride. 
Tfye Concentrated acid ‘fumes’ because the invisible gas which 
escapes from it attracts and condenses atmospheric moisture, 
and thus a mist, consisting of minute drops of hydrochloric 
acid , is formed. 

Composition of Hydroyen Chloride . — When an element 
is obtained simply by decomposing one pure compound, it is 
clear that the element must have been present in that com- 
pound ; thus when mercuric oxide is decomposed by heat 
into oxygen and mercury, it is known that both these elements 
were contained in the original substance. On the other 
hand, when two (or more) different compounds are brought 
together and an element is obtained, further investigation is 
required in order to find out from which compound the element 
has been liberated, unless of course the constituents of one 
of them, at least, are known (compare p. 101). Thus when 
manganese dioxide is treated with hydrochloric acid the 
question arises, has the chlorine come from the dioxide or 
from the acid ? 

Now chlorine can be obtained by treating hydrochloric 
acid with many other substances besides manganese dioxide. 
When hydrochloric acid is heated with red-lead, chlorine is 
evolved. Since red-lead is known to be a compound of lead 
and oxygen only, the chlorine must be a constituent of 
hydrogen chloride. Further, since hydrochloric acid is acted 
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on by many metals, and hydrogen is then evolved, it may he 
concluded that hydrogen is also a constituent^ of hydrogen 
chloride (compare footnote *, p. 1 4(i). • 

Now just as hydrogen oxide (water) # is formed by burning 
hydrogen in oxygen, so hydrogen chloride may be produced 
by burning liytfrogen in chlorine. A jet of hydrogen burning 
in the air continues to burn when it is* plunged into a jar of 
chlorine, because the two gases combine. Fumes are seen, 
and the colour of the chlorine gradually disappears. When 
the contents of the jar are then shaken with a little watef 
the fumes dissolve, and it can be proved that the solution , 
contains hydrogen chloride. The synthesis of hydrogen 
chloride has also been accomplished in a previous experiment. 
When a candle * burns ’ in chlorine, the materials contained 
in the wax or tallow are decomposed, tlie carbon separates as 
* soot,* and the hydrogen combines with the chlorine, forming 
hydrogen chloride ; if the jar is then covered with a glass 
plate and left for some time until the soot has settled, the 
fumes of hydrochloric acid are visible on removing the plate, 
and the presence of hydrogen chloride can be proved. The 
‘burning* of the candle is the combination of the hydrogen 
of the wax or tallow (p. 127) and the chlorine. 

Evidence in support of this statement is obtained by pouring a 
little hot turpentine on to some filter-paper, which is then plunged 
into a jar of chlorine ; spontaneous combustion occurs and a flame 
i« seen, together with dense black smoke (soot), which gradually 
settles ; on the jar being then uncovered, colourless fumes are 
produced, due to the hydrogen chloride coming into contact with 
atmospheric moisture. Since oil of turpentine is a compound of 
hydrogen and carbon only (p. 125), and the carbon separates as 
soot, tlie combustion is due to the union of the hydrogen and the 
chlorine. 

Some Common Type# of Chemical Change . — When a metal 
dissolves chemically in hydrochloric acid, hydrogen escapes as 
a gas, and when the solution is evaporated to dryness there 
remains a substance which is soluble in water. It can be 
proved that the weight of this residue is very much greater 

j luom. j 
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than that of the original metal, so that the other constituent 
of the hydrogen chloride, namely, the element chlorine, has 
coinbindQ with the metal, forming a chloride.* It may he 
said, therefore, that the metal has displaced, or has been 
substituted for, the hydrogen of the acid. 

This type of change, the displacement of (pie element in a 
compound by another, is very common, and is known as 
substitution. 

Some metals — lead, for example — are only slowly acted 
fin by hydrochloric acid, and others, such as mercury and 
copper, are not aited on appreciably. The oxides of all 
these metals, however, dissolve chemically in the acid, 
especially on warming, although they are insoluble in water. 
Thus when black copper oxide is heated with enough hydro- 
chloric acid it gives a clear blue solution, by the evapora- 
tion of which yellowish- brown crystals of copper chloride are 
obtained, t 

Similarly litharge (lead oxide) gives long colourless * needles * 
of load chloride, and mercuric oxide colourless needles of 
mercuric chloride. These products are identical with those 
formed by heating the respective metals in chlorine, and 
therefore they are chlorides .J No hydrogen is evolved when 
the oxides are treated with the acid. The chlorine of the 

* The presence of combined chlorine in this residue may he proved by the 
test described later (p. 150). As it is known that hydrochloric acid is nil 
aqueous solution of hydrogen chloride (a gas composed of hydrogen and 
chlorine), and that when hydrochloric acid acts on a metal the latter is 
converted into its chloride, it may he concluded that the evolved hydrogen 
is liberated from the lij'drogen chloride and wot from the water. When a 
metal such as iron liberates hydrogen from water (p. 10*5), the metal is con- 
verted into its oxide. 

f The change in colour from blue to yellowish-brown is due to the sepa- 
ration of combined water. Anhydrous yellow copper chloride, like anhy- 
drous colourless copper sulphate (p. 30), gives a blue solution. 

t The chloride obtained by treating a metal or the oxide of the metal 
with hydrochloric acid is not always identical witli the chloride formed by 
the direct combination of the metal with chlorine. Some metals form two 
(or more) chlorides, and when they are placed in errm of chlorine the com- 
pound containing the larger proportion of chlorine is formed. 
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hydrogen chloride combines with the metal, but what becomes 
of the hydrogen 1 

This question may bo. answered by passing hydrogen 
chloride slowly over a long layer of dry tapper oxide or lead 
oxide, heated gently in a glass tube : a liquid condenses in 
the cold part ftf the tube, and it can 1)6 proved that this 
liquid is water. The hydrogen of the hydrogen chloride 
combines with the oxygen of the metallic oxide. When 
quicklime is treated in this way calcium chloride (p. 148) is 
formed, together with water. Therefore quicklime contains* 
combined oxygen ; it is the oxide of a metal, calcium. 

The changes which occur when the oxide of a metal is 
treated with hydrochloric acid are examples of another common 
type of change called double decomposition ; each of the 
original compounds is decomposed hy the other, two (and 
only two) new compounds being formed, thus 

copper hydrogen copper hydrogen 
oxide + chloride chloride + oxide ' Wa 61 '* 

Experiments prove that in nil such double decompositions 
the weight of the hydrogen and the. weight of the chlorine 
contained in a given weight of hydrogen chloride are exactly 
sufficient to combine with the oxygon and metal respectively 
of the. metallic oxide. Further, when the two compounds are 
taken in certain iixed proportions they are both completely 
decomposed, and only water find metallic chloride are pro- 
duced; if one of the original compounds is in excess of this 
fixed proportion the excess remains unchanged, hut only the 
same two products are formed. These facts merit careful 
consideration, and are explained later (p. 176). 

Salts of Hydroyen Chloride , — The compounds produced 
hy displacing the hydrogen of the ‘acid/ hydrogen chloride, 
by a metal belong to an important class of substances which 
are called salts (p. 253). 

Sodium chloride, which occurs in nature in such large 
quantities (p. 35), may be prepared in the laboratory § in 
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many ways. It is formed when the metal sodium (p. 253) is 
heated in chlorine ; also when sodium carbonate is placed in 
hydrochloric acid. In preparing sodium chloride by the last- 
mentioned method, hydrochloric acid is added to a solution of 
sodium carbonate until effervescence ceases ; it is then known 
that all the sodiuAi carbonate has been chaifged. The solu- 
tion is now evaporated; water and the excess of hydrogen 
chloride pass away, and anhydrous crystals of sodium chloride 
remain. 

c Calcium chloride may be obtained by heating the metal 
calcium in chlorine, but it is far more conveniently prepared 
by treating limestone or some other variety of calcium 
cqjrbbnate with hydrochloric acid in slight excess (p. 208). 
The solution is filtered if necessary (coni] Kira p. 74) and 
concentrated ; when it is cooled large colourless hydrated 
crystals of calcium chloride are obtained. When these are 
heated they give anhydrous calcium chloride, the very hygro- 
scopic substance so much used in drying gases. 

Barium chloride is a ‘salt* composed of a metal, harium, 
and chlorine ; it is readily soluble in, water. 

Silver chloride. — Silver is not acted on by hydrochloric 
acid, but when silver oxide (a black powder) is warmed with 
the acid, a white ‘curdy* substance, which is insoluble in 
water, is formed. This substance may he separated by nitra- 
tion, washed, and dried; when heated at a dull-red heat 
it melts, hut does not decompose. The melted substance 
solidifies on cooling to a horn-like mass, and is identical with 
the compound obtained by heating silver in a stream of 
chlorine ; therefore it is a compound of these two elements, 
and is called silver chloride . 

Silver dissolves chemically in nitric acid, a brown gas is 
evolved, and on evaporating the solution a colourless crystal- 
line ‘salt,’ silver nitrate , is obtained. Now when hydro- 
chloric acid is added to a solution of silver nitrate, a white 
curdy solid is immediately piticipitated ; this substance is 
silyer chloride. Therefore the silver contained in a combined 
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form in silver oxide or in silver nitrate may combini with 
the chlorine of hydrogen chloride and displace the hydrogen ;* 
for this reason, although silver chloride is insoluble in water 
and cannot be prepared by treating silver witli hydrochloric 
acid, it is nevertheless classed as a salt. 

When hydrochloric acid is added to a. solution of silver 
nitrate and the liquid containing the precipitated silver 
chloride in suspension is boiled, the precipitate clots together 
and settles, and the liquid becomes clear ; if then a drop more 
hydrochloric acid is added, more precipitate may or may not 
he formed. Jt all depends on how much acid lias already 
been added, because a given weight of silver nitrate recfliires 
a fixed weight of hydrogen chloride to change it into silver 
chloride. Jf, when no further precipitate is formed (that is, 
when excess of hydrochloric acid is present), the solution is 
filtered and evaporated to dryness on a watcr-hath, there is 
no residue. This fact proves (a) that silver chloride is in- 
soluble in the liquid (which is a very dilute solution of 
volatile hydrochloric and nitric acids) ; (l>) that the filtrate 
contains no silver nitrate (because this substance is known to 
be 11011-volatile). 

With excess of hydrogen chloride, then, the whole of the 
combined silver in the silver nitrate is precipitated as silver 
chloride, because silver chloride is insoluble in the liquid 
present. For exactly the same reason the whole of the com- 
bined chlorine in hydrogen chloride is precipitated as silver 
chloride on adding excess of silver nitrate to a solution of 
hydrogen chloride. 

This is an important general principle on which many 
qualitative and quantitative analyses are based : when two 
substances act on one another in a given solution forming a 
new substance which is insoluble in the liquid present, the 
whole of either of the original substances is decomposed on 
adding excess of the other; if the two substances are pre- 

* Hydrogen is not liberated as gas ; a double decomposition occurs and 
water or nitric acid is formed (pp. 253 and 241). 
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sent m exactly the right proportion both are completely 
decomposed. 

A solution* of silver nitrate may thus be used as a very 
delicate or sensitive test 9 for hydrogen chloride, since the 
formation of silver chloride is easily seen, and the compound 
is easily identified/ A solution of silver nitiute also gives a 
precipitate of silver chloride when it is added to a solution of 
any other chloride such as sodium chloride (common salt), 
calcium chloride, barium chloride, and so on. The colourless 
crystalline substance (potassium chloride) which is formed 
together with oxygen when potassium chlorate is heated 
(p. 82) al <o gives with silver nitrate a precipitate of silver 
chloride; potassium chlorate docs not give such a precipitate 
in spite of the fact that it contains combined chlorine, because 
it is not a chloride. The presence of chlorides in most 
natural waters is also proved by testing with sdver nitrate, 
after concentrating the water if necessary. 

The jtercenfage composition of si/rer chloride was deter- 
mined by various methods with very great cure by Stas 
(1860), and as examples of his results the following may 
be given: 91 462 g. of silver were converted into silver 
chloride by heating the metal in chlorine; 121 '4993 g. of 
silver chloride were obtained ; the percentage composition, 
therefore, is, silver 75*28, chlorine 21*72. 108*549 g. of 

silver were dissolved in nitric acid, and the silver was pre- 
cipitated as chloride with hydrochloric acid ; 144*207 g. of 
silver chloride were obtained ; the percentage composition, 
therefore, is, silver 75*27, chlorine 21*73. 

All the substances used in those experiments were purified 
with the greatest care, and every other precaution was taken 
to reduce experimental error as far as possible. The results 
afford a striking confirmation of the law of fixed and definite 
proportions. 

Percentage Composition of Hydrogen Chloride . — The com- 
position of silver chloride being known, that of hydrogen 
chloride may be determined in the following manner; A 
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small flask containing dixlillad water ami fitted up as'shown 
(fig. 36) is carefully weighed. 

The lower end of the inlet-tube (a) is drawn oftt to lessen the 
bore, tlie upper one being closed with a pifjj*e of rublier tubing and 
glass rod ; the end of the outlet-tube is similarly closed, but a slit is 
made in the rubber tubing at (&), so that if theie is any pressure in 
the Hash the slit? is forced open and air escapes.* 


The stopper of Hie inlet-tube (a) having been removed, this 
tube (a) is connected with an apparatus generating pure (dry) 
hydrogen chloride, which rapidly dis- 
solves in the distilled water. After 
some time, and before the solution 
becomes saturated, the inlet-tube is 
disconnected, closed with its stopper 
as before, and the whole apparatus 
weighed again ; the increase in weight 
gives the icrnjht of hydrogen chloride 
in the solution. Tin* contents of the 
flask are now carefully washed into 
a beaker, and there treated with ex- 
cess of silver nitrate ; the precipi- 
tated silver chloride is separated, Mashed, dried, and weighed. 

The calculation of the results is indicated by the following 
example : 

Weight of hydrogen chloride dissolved, 2*3005 g. 
ii ii silver chloride obtained, 9-046 



chlorine. 


in the silver 


, , 9*046 x 24-73 

chloride - - 


« 2-237 g. 

it ii hydrogen in the hydrogen chloride, 2*3005 — 2‘237 
— 0*0635 g. 

The percentage com position of hydrogen chloride is thus 
found to be, hydrogen 2-76, chlorine 97*24. 

There are other and more accurate methods by which the 
composition of hydrogen chloride has been determined. 


* This arrangement is known as a Bunsen-valve. 
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The* chlorides of most of the metals are soluble in water, 
but silver chloride, as shown above, is insoluble and lead 
chloride only sparingly soluble in cold water. The percentage 
of chlorine (and therefore also the percentage of metal) in 
any soluble metallic cliloride maybe determined by dissolving 
a known weight of the chloride in (distilled^ water, precipi- 
tating with excess of silver nitrate, and weighing the silver 
chloride thus produced. 


• CHAPTER XVIII. 

The Properties of Oases and Vapours. 

The terms solid, liquid, and gas arc so well known that 
they have been used without explanation ; it is now desirable 
to note the principal differences between these three stale* of 
matter, and to consider more particularly the general behaviour 
of gases and vapours. 

A solid has a particular shape, which is not permanently 
altered except by a definite force, and even when its shape is 
altered its bulk or volume is not changed appreciably. The 
particles of a solid are generally arranged in definite crystal- 
line forms. When a solid is heated it usually expands a 
little, and as the temperature rises it may pass into the liquid 
or gaseous state, or it may decompose. 

A liquid lias no particular shape ; it adapts itself to any 
vessel in which it is placed ; its particles move freely over one 
another and yield to the least pressure, but its volume is 
altered very little when the pressure on it is increased. 
When a liquid is heated it usually expands a little, and ns 
the temperature rises or the pressure is diminished it may 
boil and pass into the gaseous state, or it may decompose. 

A gas or vapour has no particular shape, but, as shown 
below, fills any vessel, however large, in which it is contained. 
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Its volume. is greatly altered when the pressure on it, f or its 
temperature, is changed. It is in these two respects particu- 
larly that gases and vapours may now be studied, although 
the matter really belongs to the science pf physics. 

Halation between the Volume and the J Pressure of a Gan . — 
The graduated#tube (u y lig. ‘57, 1.) is filled with mercury by 
raising the reservoir (r) and opening the tap ( h ) until the licpiid 
rises to ( b ); the tap (b) is then closed, the reservoir ( r ) is lowered 



Fig. 57, 1. Fig. 57, II. 


again to the table-level, and dry hydrogen is passed through 
the side-tube (ft) into the graduated tube (a) until the latter 
is about one-third filled; the side-tube ( d ) is then closed. 
The reservoir (r) is now raised by the side of (a) until the 
levels of the mercury are the same — that is to say, until the 
pressure is the same on both. The hydrogen is now under 
atmospheric pressure, say, 760 mm. ; let its volume be, say, 
35 c.c. The reservoir (c) is now raised (lig. 57, II.), where- 
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upon ttie volume of the gas in (a) diminishes; the height of 
the mercury-level in (c) above that in (a) is a measure of the 
extra pressure- which has been put on the gas. Suppose this 
is 240 mm., then th^ total pressure is 760 + 210— 1000 mm. 
The volume is now 2G'G c.c. 

Again raise the .reservoir ('•) ; the volume the gas again 
diminishes. Let the extra pressure (diilerence in levels) now 
be 640 mm. ; then the total pressure is 760 + 640 - 1400 nun. 
The volume is now 19 c.c. 

Finally, let (r) he raised until the extra pressure is 7G0 nun. ; 
t*he total pressure is now 760 x 2 mm. The volume is now 
- 17*5 t.c. 

I>y # doubling the original pressure the original volume is 
halved. 

Let (c) be lowered again until ihe. levels are the same; the 
pressure is now 760 mm. The volume is 35 c.c. By halving 
the pressure the volume is doubled. 

Let (r) be lowered again until the mercury-level is 380 mm. 

below that in (a); the pressure is now 760 - 380= 

The volume is 70 c.c. By again halving the pressure the 
volume is again doubled ; or by reducing the pressure from 
760 x 2 mm. to 380 mm. — that is to say, to o \w.- fourth — the 
volume is increased fourfold. 

If, instead of hydrogen, oxygen or carbon dioxide is intro- 
duced into the tube, the results are exactly the same ; further, 
if air, which is a mixture of oxygen, nitrogen, carbon dioxide, 
and other gases, is examined instead, or in fact any other gas 
or gaseous mixture, the results arc the same. All gases are 
equally changed in volume by equal changes in pressure. 

The relation between the volume and pressure of a gas was 
established by Boyle (1662), and is expressed by Boyle's law: 
1 When the temperature remains roust ant , the volume of a jixeJ 
9na8ti of gas varies inversely as its pressure. 9 

If the volume (v) --= 1, under u pressure (P)r^l, then if P 
becomes 2, 3, 4, &c., v becomes A, &c. ; if P becomes 
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J, &c., the volume becomes 2, 3, 4, &c. Pxv is 9 always 
tlio same (a constant). 

Thus in the above experiments 

P= 760 mm. v = 35 c.c. • Pv - 26600 

P = 1000 „ v -=26*6 „ Pv= „ 

P= 1160 ii V“19*0 ii • Pv ~ ii 
P-1520 „ v = 17*5 ,i Pv — ,» 

P 380 i, v 70*0 „ Pv= t) 

Since the volume of a gas varies so greatly with the 
pressure, it is obvious that if a globe or other vessel is filled 
with ft gas, the W'i'jht of the given volume of gas varies with* 
the pressure to which the gas was exposed when the ves.^el was 
filled. ISuppose, for example, that the globe (tig. 23. p. 68} is 
filled witli carbon dioxide, by passing a stream of gas through 
it, and the taps are closed when the barometer stands at 
760 mm. ; then if the experiment is repeated when the 
barometer happens to stand at 740 mm., u smaller treitfltf of 
gas will be contained in the globe, because tbe gas is denser 
(more compressed) under the higher pressure. In weighing a 
known volume of gas, therefore, the pressure must be noted, 
otherwise the results of different experiments could not be « 
compared. Now the weight of unit volume of a gas is 
usually given for a pressure of 760 mm. (one atmosphere), 
and when a gas is actually weighed under other pressures the 
result is reduced to this standard pressure. 

Example . — A litre of hydrogen under a pressure of 735 mm. is 
found to weigh 0-0870 g. What would he the weight of a litre at 
700 min. (the temperature remaining constant)? 

As the volume of a given weight of gas varies inversely as the 

pressure, the volume under 760 mm. pressure would he — litre; 
as this volume of gas weighs 0-0870 g. , 1 litre of it under the same 

-ijo 

conditions would weigh 0*0870 x ' - 0-0899 g. 

Since a gas expands wheiftylic pressure on it is reduced, 
(gases are elastic ), if a single bubble of any gas is passed up 
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into the Torricellian vacuum (footnote, p. 17) the gas at once 
expands and Jills the vacuum ; nay, more, it depresses the 
mercury in tin; tube until the final volume of the gas is to 
its original volume as. the original pressure P (760 nun.) is 
to the final pressure P r Suppose that it depresses the 
mercury 12*66 nun. ; it is now under a pressure (Pj) of 
12*66 mm. Let the volume of the original bubble be 0*5 c.c. ; 
its volume is now 30 c.c. (0*5 x 760 = 30 x 12*66). 

If, instead of a bubble of a gas, a few drops of wafer arc 
passed up into the vacuum, some of the water evaporates, 
and its vapour not only fills the vacuum but depresses the 
merciiry. When the space becomes saturated with aqueous 
vapour, the amount by which the mercury is depressed, 
expressed in mm., is termed the tension of aqueous vapour. 
This tension (T) depends on tlie temperature t.', and a few 
values of T are given below;* at 100°, the boiling-point of 
water, T--760 mm. (compare p. 19). 

Other vapours behave in a similar manner. 

When water is passed up into a <lry gas, such as hydrogen, 
confined over mercury, the water evaporates in the gas, just 
as it does in a vacuum, until the gas is saturated with aqueous 
vapour. Thus in the alxive experiment, in which the mercury 
is depressed 12*66 min. by dry gas, if water is then passed 
up, the mercury is further depressed by an amount corre- 
sponding with the tension of aqueous vapour at the tempera- 
ture of the experiment. Consequently when a gas is satu- 
rated with aqueous vapour, its true volume is increased by 
the volume of the aqueous vapour present. 

Now the total observed volume of the moist gas is partly 
that of the gas itself and partly that of the aqueous vapour, 
and the volume occupied by each is proportional to the 
partial pressure exerted (or supported) by it; hence 

true volume, of gas _ partial pressure of gas 
total (observed) volume” total pressure 

*t° . . .0° 5° 10° Iff W 

Tin mm. . 4*5 6*6 9*2 12*7 17*4 
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In order, therefore, to obtain the volume of the dry gas, the 
tension of aqueous vapour at the particular temperature must 
first l)e subtracted from the observed pressure, **and ^ie (true) 
partial pressure is then used in calculating 
the volume at standard pressure. f fr^ 

Example. — A* graduated tube contains* IP t! 
hydrogen at 5° saturated with aqueous vapour ; 
the observed volume is 50 c.c. and the observed 
pressure 7‘20 nun. * What would be the volume 
of the dry gas at 760 mm.? 

At 5°,' T = 6*5 nun.; 720-6*5^713-5. The 
50x713*5 

corrected volume, therefore, is — < 

*oO 

Relation between the Volume, and the 
Temperature of a Gas . — The graduated 
glass tube ( a , iig. 58), about 2 mm. in in- 
ternal diameter, is sealed at the lower end ; 
it contains dry hydrogen confined by the 
short column of mercury ( h) y which is so 
ud justed that when the temperature of the 
hydrogen is 15° the volume of the confined 
gas is 288 units. The tube (a) is fitted 
ns shown in the wider tube (r), which 
also contains a thermometer (ft). 

Tce-cold water, containing melting ice, 
is now passed through the tube (e) from 
the inlet («) until it overflows from the 
outlet (/). The hydrogen contracts, and 
when it has thus been cooled to 0° its 
273 units. 

The ice-cold water is now run out and warm water is intro- 
duced, until the temperature of the hydrogen is, say, 60°; the 
volume of the gas is now 333 units. 



Fig. 58. 

volume becomes 


* The observed pressure is obtained by subtracting the length of the 
mercury column in the tube almve the level of the mercury in the trough 
(the difference in level) from the height of the barometer at the time of the 
observation. 
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Finally all the water is run out and steam is passed through 
the tube (c) ; when the temperature of the gas reaches 100" 
the volume is' 373 units. 

r* 

Hence a volume of gas represented by 
273 units at 0° becomes 288 = 273 + 15 units at 15° 

„ . „ 333 = 273 + 60 CO" 

it it it ii 373 - 273 + 100 n 100° 
and for any intermediate temperature, t, the volume is 273 + t 

or 273 ^1 + ; in other words, 273 volumes at 0° increase 

by one volume tor every increase in temperature of 1° C. ; the 
increase pei degree is of tlie volume at 0 U C. On the gas 
cooling through any interval of temperature, the contraction is 
exactly the same as the expansion which occurred between 
those limits of temperature. 

If, instead of dry hydrogen, oxygen or air or any other gas 
or mixture of gases is examined in a similar manner, the 
results are exactly the same. Equal volume* of all {/asps 
expand equally for equal rises of tempera! ure^ the. pressure 
remaining constant. This general conclusion, established by 
Charles, Dalton, and (iay-Lussac, is generally known as Gay- 
Lussac’s or Charles’ law. 

Absolute Temperature . — A gas at 0° contracts T of its 
volume at O' for every fall of 1°. 273 c.c. at 0° become 

272 c.c. at -1\ 270 c.c. at -3°, 250 c.c. at ~ 23°, and 
so on, until at - 273°, if tlie gas continued to contract at the 
same rate, it would not have any volume. This temperature, 
-273°, is called the absolute zero , and if this point is used as 
the zero in expressing temperatures, the values are. termed 
absolute temperatures ; thus a temperature of - 20" on the 
Centigrade is +253° on the absolute scale, 0° C. -= +273" 
absolute, 10 J C. = +283° absolute, and so on. Tlie relation 
between the volume and temperature of a gas, therefore, may 
be stated as follows : The volume of a (/as is directly pro- 
portional to Us absolute temperature^ the pressure being 
constant. 
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Since the, volume of a gas varies so greatly with a cliange 
in its temperature, it is clear that if a glass glohe is iillod 
with a gas, say, at 20°, the wtdght of the gas is lefcs thuji if the 
glohe had been filled at 0°, the pressure* being constant. In 
weighing a gas, therefore, its temperature, as well as its 
pressure, must fte noted. • 

The weight of unit volume of a gas is usually given for 
0°, so that if it is weighed at any other temperature the result 
must be reduced to the standard temperature. 


Example.- A litre of hydrogen at lf)° (and 760 nun.) weighs 
0*08406 g. ; what would be the weight, of a litre of hydrogen at O' 
tavid 760 nun.)? * 

As + he volume at 15° is to the volume at 0° as 288:273, tl^j gas 

1 > 273 


if cooled to 0° would only occupy 


288 


lit as this volume 
2S8 


; lis 0*08496 g., a litre at O’ would weip i 0*08496 > ^=0*09 g. 


Under whatever known conditions a gas is measured (or 
weighed), it is possible to calculate* what its volume (or weight) 
would he under any other conditions. As already stated, the 
i (‘suits are generally given for a standard or Normal Tempera- 
ture of 0° and a Normal Pressure of 760 mm., referred to 
by the letters N.T.P. 

Tiik Determination of the Density of 
a (!as or Vapour. 

The determination of the weight of n given 
volume of gas requires special apparatus, and 
is by no means an easy task ; a rough idea of 
the method, however, may be given. 

The volume of a globe such as that shown 
in fig. 59 is iirst carefully determined. (How ?) 

The globe is then weighed full of dry air, the temperature 
and pressure being noted. The, air in the globe is then 
pumped out and the loss in weight is ascertained. From these 
data the weight of a litre (standard volume) of air at N.T.P. 
may be calculated. 
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As tlie globe displaces a large volume of air, its weight 
varies according to the temperature and pressure of tlie air it 
thus displaces. Therefore a similar globe is suspended from 
the other arm of the balance, and thus this source of error is 
avoided. As the two globes are equally affected, the observed 
loss in weight on flumping the air out of one' of them is the 
true weight of the known volume of air under the known 
conditions. 


Example . — Volume of globe, 1140 c.c. Loss in weight, 1 '360*2 g. 
t 15°. Bar. = 740 mm. 

073 740 

Tlfe volume of the air at N.T. P. would he 1140 >: >. 

= 10.52*2 c.c. Since this volume weighs 1*3002 g., 1 litre weighs 
1*3602x1000 . 000 
10522 - = 1293 «' 


By first filling the globe with drv hydrogen, oxygen, or 
other gas, and then proceeding as before, the weight of a 
litre of the gas may he determined. The weight of a litre of 
hydrogen at N.T.P. is 0*09 g. (more exactly 0*08987 g.) ; 
as hydrogen is the lightest of all gases, the. weights of other 
gases or vapours arc conveniently expressed in terms of that of 
an equal volume of hydrogen measured under the same con- 
ditions. This important plujsiral constant of a gas is called its 
density (vapour density, specific gravity). Thus the density 
of oxygen is 16 ; that is to say, this gas is 16 times heavier 
than an equal volume of hydrogen under the same conditions. 

The density of tlie vapour of a substance which is solid or 
liquid at ordinary temperatures may also he determined ; 
thus the density of water vapour may he ascertained by 
placing sufficient water in the globe, and then immersing the 
glolie, all but the tap, in a bath of oil, heated at, say, 130'. 
The water boils, its vapour soon expels all tlie. air from the 
globe, and if at the moment when all the water has been 
changed into vapour (that is, when steam ceases to escape) the 
tap is closed, tlie globe is then filled with water vapour at 
130° and atmospheric pressure; it is cooled, cleaned, and 
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weighed ; the weight of the vacuous globe being also known, 
the density of water vapour at N.T.P. nuiy be calculated. 

Ksmwplc . — Weight of globe full of water vapour, less weight of 
empty globe— 0 ’81*22 g. Volume, 1300 c.e. Bar. = 750 nn n. 

07 *i 7 tu\ 

The volume at N.T.P. would be 1500 x 7 - x ~ — 1002‘8 c.c. 

■ 7oU 

The weight of 1 litre, therefore, is ^ fr 

The weight of 1 litre of water vapour at N.T.P. being 

0*81 

0*8 1 g., the density of water vapour is — == 9. 

It should bo clearly understood that although the water 
vnporr would of course condense if it were cooled to N.T.I*., 
it is possible to calculate what its density would be, assuming 
that it did not liquefy ; this is done in order that its density 
may be compared with tin we of oilier gases or vapours at 
N.T.P. If 100' and 50 111111 . were fixed as the standard 
temperature and pressure respectively, the relative weights of 
equal volumes of hydrogen and water vapour would be 1 :9, 
as before. 

Other more convenient methods of determining the 
densities of vapours are known, but the principle is the 
same in all cases ; that is to say, the weight and the volume 
of the vapour under known conditions are determined, and 
the weight of 1 litre is then compared with that of a litre of 
hydrogen under the same conditions. 

In making experiments with gases two forms of apparatus 
arc v ory often used. One of these (fig. 60) is a simple 
graduated tube, the eudiometer (p. 241), in which the gas 
is confined over mercury ; for purposes described later, the 
tube is often provided with two platinum wires (a, a), fused 
into and passing through the glass, as shown. In order to 
ascertain the volume of the gas at N.T.P. from the observed 
volume, the temperature of the surrounding atmosphere is 
noted, and also the barometric pressure ; the pressure on the 
gas is the barometric pressure less the difference in level (x % y; 

llW*. g 
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footnote, p. 157). If the gas is wet, the tension of aqueous 
vapour (T) must be subtracted from the observed pressure 
(compare p. f56). 

Example. — Observe*? volume of a wet gas - 50*2 c.c. t — 10° 
Difference in level, 325 mm. Bar. - 750 mm. T at 10”- 9*2 mm. 
The true pressure, therefore, is 750 H25-9*2nnin. Hence the 

volume at N.T.P. is 50*2 x x c.c. 

i o() 2S.1 



Fig. 00. Fig. 01. 


The other form of apparatus is shown in fig. 61, and is 
also provided (at a) with platinum wires. J>y pouring mer- 
cury into the open tube (h) or running it out from the tap 
(c) until the levels are the same in the two tubes, the gas 
may he brought to atmospheric pressure before and after any 
experiment *, in such cases the true pressure on the gas is the 
barometric pressure at the time oi the experiment, Uhh the 
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tension of aqueous vapour for the given temperature if the gas 
is wot. 

Experiments have shown that all vapours and phases pass 
into the liquid state when they are cooled to a sufficiently low 
temperature, and if further cooled sufficiently they freeze, 
solidify, or crystallise.* . 

The temperatures at which different vapours and gases 
liquefy are widely different; thus at 7(10 mm. water vapour 
liquefies at 100°, ether vapour at 35°, chlorine at - 34°, car- 
bon dioxide at -79°, hydrogen chloride at —84°, oxygen at 
— 182*5°, nitrogen at — 194% and hydrogen at — 252 , 5°.t 
A mixture of liquefied gases may be separated into it^com- • 
ponents by fractional distillation. • 

Some vapours and gases may be liquefied by pressure* at 
ordinary temperatures ; thus chlorine under 9 atmospheres, 
and carbon dioxide under 38*5 atmospheres, are condensed to 
liquids. It was shown by Andrews (1863), however, that for 
every gas there is a particular temperature above which it 
cannot be liquefied, however great the pressure; carbon 
dioxide, for example, cannot he liquefied above 30°. This 
temperature, above which liquefaction does not occur, is called 
the critical temperature of the gas, and the pressure required 
to liquefy it at its critical temperature is called the critical 
pressure of that gas. 

The term gas may be restricted to that state of a substance 
in which it exists above its critical temperature, the state 
below its critical temperature being called vapour. The terms, 
however, are not always used in this sense, and that of vapour 
is generally employed when the same substance exists in a 
liquid state at ordinary temperatures and pressures. 

Solubility of f/rw*. — The wehjht of a gas which is dis- 
solved by a given weight of water (or other solvent) at a 
* Compare footnote, p. 10. 

I t The laws of Boyle and Charles are not strictly true when a gas is at such 
a temperature and pressure that it is not far removed from its liquefying 
or boiling point. A perfect gas is an ideal or imaginary gas which would 
show under all conditions the behaviour expressed by these laws. 
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given temperature is directly proportional to the pressure 
(provided that the gas and the solvent do not combine).- As, 
however^the folmne of a gas is inversely proportional to the 
pressure, the volume % of a given gas dissolved by a given 
weight (or volume) of water is constant, and independent of 
the pressure (Henry’s law, 1803). • 

Thus the notability of oxygen at 0° and 760° is 4*86; that 
is to say, 100 volumes of water dissolve 4*86 volumes of the 
gas. If the pressure is increased to 2 atmospheres, the same 
volume of oxygen gives a saturated solution ; hut the weight 
of the gas in this volume, and therefore in the solution, is 
* twice as great as before. 

Ijfttor on it was shown by Dalton that when a mixture of two 
gases is shaken with water at a given tempo at u re, until the solu- 
tion is saturated, the volume of eaeli gas which is dissolved depends 
on {a) the solubility of the gas, (6) its pressure. Now in any 
gaseous mixture the pressuie on any one component is directly pro- 
portional to its percentage hv volume; each component shares the 
total pressure (or is under a part 'ml pressure, p. 156) in proportion 
to its volume (Dalton’s Law of Partial 1*§ ensures, 1805). Hence, 
when air, which is a mixture of 4 volumes of nitrogen and 1 volume 
of oxygen, is bubbled through water, say, at 13", the i ( dative volumes 
which are contained in the saturated solution are : oxygen, 3*30 x 1 
(p. 85); nitrogen, 1*65x4 (p. 97) ; or, loughly, 1:2. If the solution 
is boiled and the expelled gases are collected and examined, it is 
found that such ‘air* contains about 35 per cent, of oxygen. It is 
thus possible to effect a partial separation of the components of the 
atmosphere by one operation of fractional solution, a fact which 
indicates that air is a mixture (compare p. 96). 

Diffusion of (wanes . — When a gas-jar containing hydrogen 
and closed with a glass plate is inverted ami placed on a 
similar jar containing carbon dioxide, then, on the glass plates 
being removed and the two jars fitted together, the hydrogen 
immediately begins to pass domurards and the earl ion dioxide 
upwards. If after about two minutes the jars are separated, it 
can be shown that they both contain a mixture of the two 
gases. The contents of both jars take fire on applying a 
lighted taper, proving the presence of hydrogen; and if 
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tested with lime-water, both vessels are found to contain # carbon 
dioxide. Although carbon dioxide is twenty-two times heavier 
than hydrogen the two gases have mixed, ami, if left long 
enough, the mixture becomes perfect^ homogeneous; that 
is, it contains the same proportion of the two gases in 
every part. • . 

This movement or passage of a gas from one vessel to 



another also takes place even if the. vessels are separated by 
some porous material, such as unglazed earthenware or plaster 
of Paris, as shown by the following experiments. 

The earthenware jar tig. G‘2, T.), tilled with air at atmos- 
pheric pressure, is closed with a rubber hung, through which 
passes a glass tube connected with the U-tube. containing a 
little (coloured) water. A large beaker filled with hydrogen 
is inverted over the jar ; it is then seen by the movement 
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of the # water-gauge that the pressure in the jar (ft) almost 
immediately becomes <jr*’atcr than one atmosphere. If when 
the watjj;-Jev(£ in (A) ceases to be depressed the beaker is 
removed, the water slowly rises in (A) until it is higher than, 
in (r), proving that the pressure in the jar is now (t j ss than 
one atmosphere ; the water in (A) then slowly falls, and the 
levels finally become the same. 

This experiment shows that hydrogen passes or diffuses 
through the porous walls into the jar faster than the air 
passes out, thus causing an increased pressure. AVheii the 
jar has become tilled with a mixture of hydrogen and air, and 
* the beaker is then lemoved, the hydrogen passes out more 
quickly than the air passes in, and the pressure is thus 
reifuced below that of one atmosphere. 

The earthenware jar (a, iig. G2, 11.) of the similar piece of 
apparatus contains air under atmospheric pressure. When it 
is surrounded by a beaker tilled with carbon 
dioxide tlic level of the water in (!>) rises, 
proving that the air has passed outward* 
more quickly than the carbon dioxide has 
passed inwards ; if when the pressure in the 
jar ceases to diminish the beaker is removed, 
the water falls in (A) until its level is below 
that in (r), proving that 1 lie air is passing 
into the jar more quickly than the carbon 
dioxide passes out. 

The fact that hydrogen diffuses more 
rapidly than air may also l>e proved with the 
aid of the apparatus shown in fig. 6.‘J, in 
which the porous earthenware jar (containing 
air) is connected with the bulb-tube (o), 
which contains coloured water. On a beaker filled with 
hydrogen being inverted over the earthenware jar a fine jet 
of water is forced out of the nozzle (A). 

It must, therefore, be concluded that a light gas passes or 
diffuses through a porous material more rapidly than a heavy 








1 




Fig. 63. 
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gas ; that is to say, a larger volume of the light gas diffuses in 
a yirm twin. 

Graham’s Law. — The results of qunntitnlgve exj^riments 
carried out by Graham ) showed thgt ‘the raff' of diffusion 

is inrrrsaft/ proportional to the si/uare roof of the density of iht 
gas ; 1 thus thewelative rates' oj' diffusion ot hydrogen, oxygen, 

and carbon dioxide arc *-= : y^ — : that is to say, 

these values show the l'elalivc volumes of tin* gases which 
would pass through a given porous area in the same time 
under the same conditions. 

• 

A piece of apparatus similar to that shown in fig. 57, TI. (p. 153) 
may he u>od to .study the rate of diffusion of gases. The graduated 
tube (o), which contains the gas confined over mercun , is provided 
with a tap {(*), the opening of which is closed with a platinum pinto 
pierced with an extremely small hole. On the tap being opened the 
pressure of the memiry in (#•) causes the gas to escape sufficiently 
rapidly to prevent air from diffusing into the tube. The time 
required for l lie escape of a fixed \olunicof different gases under 
a fixed piesstire may thus he determined, and it is found that 
the time is directly proportional (the velocity im ersely pioportional) 
to the square root of the density of the gas. 

If a mixture of equal volumes of oxygen and nitrogen is passed 
slowly through the ungla/ed earthenware tube («, fig. 04), uml 
the air in the 
surrounding glass 
tube is removed i 
by connecting (6) 
with n pump, the 
gaseous mixture Fig, 04. 

which diffuses 

through the eartlrenware tube would consist of nitrogen and 

oxygen in the proportion — : ^/|^~ * r >- : ^ (approximately) hy 

volume; a partial separation of the gases has thus been accom- 
plished. If air is diffused in the same way, then, as the relative 
volumes of the nitrogen and oxygen are originally 4 : 1 approxi- 
mately, the partial pressures on the two gases are also in this 
proportion (p. 164); consequently, as the- rate of diffusion varies 
directly us the pressure, the diffused gas would consist of nitrogen 
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ami oxygen in the proportion 4x : 1 x hy volume, and 

would therefore contain a larger proportion of nitrogen than does 
‘the air.W The" fact that the two principal gases of the atmosphere 
may be partially separated in this way is further evidence that they 
are not combined. 

The process of diffusion is sometimes used to r effect a partial 
separation of the components of a gaseous mixture, it may also 
be employed to determine the density of a gas by finding the rate 
of diffusion with the apparatus described above, and comparing the 
result with that obtained with a gas of known density. 

Example. — A certain volume of a gas diffuses in 9*4 minutes ; the 
same volume of hydrogen diffuses in 2 minutes. The times are 
4*7 : 1, and the densities (4’7) 2 : 1 2 =22 : 1. 

Kipetic Theory of Gases. — When a solid substance passes 
intR> a liquid the change in volume is relatively small, but 
when a solid or liquid is transformed into a gas or vapour the 
increase in volume is relatively very great; the gas or vapour 
is very attenuated ; it is highly compressible, or, in other 
words, its volume is greatly diminished by pressure. 

These facts seem to show that the actual matter of which 
a gas consists is not continuous; that is to say, the space 
occupied hy the gas is not filled by matter, and it may be 
supposed that a gas is composed of extremely small, solid 
particles of matter, separated from one another by distances 
which are large in comparison with the particles themselves. 
As these particles do not collect or ‘ settle ’ at the bottom of 
any vessel, and as a gas rapidly escapes from any open vessel 
in which it is placed, and diffuses through porous substances, 
it must be supposed that the particles of a gas are in constant 
motion. This supposition makes it necessary to assume further 
that the particles are perfectly elastic ; otherwise, hy colliding 
with one another and banging against the walls of the con- 
taining vessel, they would finally come to rest. It may then 
he further assumed that the constant bombardment of the 
walls of the containing vessel by the extremely small, solid 
particles moving with great velocity produces the pressure of 
the gas. 
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Now it can be shown that these speculations regarding the 
nature of gases and vapours agree with or account for all 
known facts relating to the gaseous state ; for fcxnmjile, they 
are in agreement with the laws of Boyloj Charles, Henry, and 
Graham. Hence these speculations, originated by Bernoulli 
in 17.38, and developed by Watcrston, Clausius, Maxwell, and 
others, have become a highly important theory, knovn as the 
kinetic theory of gases. 


CHAPTER XIX. 

Equivalents — The Law of Multiple 
Proportions. 

As hydrogen chloride, like every (pure) compound, has 
a iixed composition, it is obvious that when any weight 
of hydrogen chloride is decomposed, the relative weights 
of the hydrogen and chlorine obtained from it are also 
fixed and unchangeable. Now when hydrogen chloride is 
decomposed by a metal the hydrogen is set free, while the 
chlorine combines with the metal in Iixed proportion to form 
a chloride ; it follows, therefore, that a given weight of a 
given metal, with excess of hydrogen chloride, must give a 
fixed weight of hydrogen. But do all inetals which act on 
hydrogen chloride displace the same or different weights of 
hydrogen 1 This question may he answered by the results of 
simple experiments. 

A weighed piece of clean magnesium rihbon (say 0*0324 g.) 
bent into a V is pushed up (at a , fig. 65) into a burette, 
which is then completely filled with and inverted in a trough 
of water; hydrochloric acid is poured into the funnel (ft), and 
by cautiously opening the tap for a moment most of the acid 
is allowed to flow into the burette without any air being 
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admitted. The aciil mingles with the water and soon reaches 
the magnesium ; the hydrogen which is then evolved collects 
in the burette. AVI ion the whole 
of the metal lias disappeared, the 
lower end of the burette, closed with 
the thumb, is plunged into a deep 
cylinder containing water, and the 
thumb is removed. The burette 
is then raised or lowered until the 
water-levels inside and outside arc the 
same; the temperature of the water 
(gas) is noted, and also the height 
of the barometer. The dal a are 
now available for calculating the 
weight of hydrogen liberated by 
1 g. of magnesium. 0*0324 g. of 
magnesium gives 32*7 c.c. of hydro- 
gen measured moitf at 1(5°; liar. - 
752 mm. Deducting T (p. 1T>G), l’ = 
752 — 1 3*5 — 738-5. The volume of 
the hydrogen at N.T.P., therefore, is 

32*7 x x ' = 30*0 c.c. Since 1 litre of hydrogen 
2ol) t bO ' ° 

weighs 0*09 g., tlie wi/fht of 30 c.c. is 0 0027. Hence 1 g. of 

magnesium gives = 0*0833 g. of hydrogen. 

The weight of hydrogen liberated by a given weight of 
zinc may be determined in a similar manner. The weighed 
metal is placed in the centre of a trough and covered with a 
funnel, over which the burette filled with water is inverted. 
The acid is poured into the trough. 

Another form of apparatus often used for measuring the 
volume of gas obtained in a chemical change is shown in 
fig. 66. Tin's apparatus may lie used in finding the weight 
of hydrogen liberated by a weighed quantity of a metal. 
The ( flask (a) contains a weighed quantity of zinc (say 0*9 g.) f 
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some water, and a small tuba (b) containing concentrated 
hydrochloric acid ; it is connected with tlie large bottle full 
of water, and from the latter passes a siphon, Closed *vith a 
pinch-clamp (e) and filled with water, dipping into a graduated 
cylinder (d) containing a little water. 'When the apparatus is 
fitted up as shov&n, (r) is opened and the cylinder (d) is raised 
(in a slanting position) until the water-levels in (d) and in the 
large hottle are and re- 
main the same ; the moist 
air in (a) is now under 
atmospheric pressure, mid 
the clamj) (r) being tent- 
]H)vavu\( closed, the volume 
of the water in. the cylinder 
»7* noted. The tube (b) is 
now tipped on its side ; the 
acid then acts on the zinc, 
and the liberated hydrogen 
drives water into (d). 

When the metal has 
disappeared and the appa- 
ratus has been left to cool 
if necessary, the water- 
levels are adjusted as be- 
fore, so that the gas in (a) is at atmospheric pressure, and the 
volume of the water in ( d ) is again noted ; also the tem- 
perature of the water (gas) and the height of the barometer. 
The volume of the liberated hydrogen is measured by sub- 
tracting the original volume of water in (d) from the final 
volume, as this is the volume of water which has been driven 
out by the gas. 

Kramjde. — 0*9 g. of zinc. Volume of water expelled = volume 



of hydrogen = 337 c.e. 1 = 16° (and T-13’5 mm). Baro- 
meter = 752 mm. The volume of (dry) gas at N.T.P. would be 


337 x 


273 

289 


752-13-5 
*' "760 


309 c.c., which would weigh 0*0278 g. 
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C 

Hence 1 g. of zinc liberates 0 # 0309 g. of hydrogen. In a 
similar manner it can be found that 1 g. of iron liberates 

0 036 g* of hydrogen. 

Now hydrogen is* also liberated when the above metals 
are treated with dilute sulphuric acid (p. 223), and by 
quantitative expefiments, carried out exactly as those de- 
scribed, it is found that a given weight of a metal .always 
gives the same weight of hydrogen whether sulphuric 
acid or hydrochloric acid is used ; the weight of the dis- 
placed hydrogen depends on the weight of the metal, which 
dissolves chemically and is independent of the nature of 
the acid.* 

.Ffom the weight of the hydrogen liberated or displaced by 

1 g. of each of the above metals, the weight of metal required 
to displace 1 g. of hydrogen from either of the acids may be 
calculated by simple proportion. The values thus obtained 
in accurate experiments are : magnesium 12T, zinc 32*4, 
iron 27*8 g. The relative weights of these metals, expressed 
by the numbers 12*1, 32*4, and 27*8, are thus equal or 
equivalent, in what may be called hydrogen-displacing value. 
Other common metals do not displace hydrogen from hydro- 
chloric or sulphuric acid quickly at ordinary temperatures, 
and so it is impossible to find their equivalent weights 
directly by methods such as those described above. This, 
however, may be done indirectly. 

Thus, .although silver does not dissolve in hydrochloric 
acid, silver nitrate and hydrochloric acid give silver chloride 
(p. 148) ; in this change hydrogen is not liberated as gas, 
but that it is displaced from tin* hydrogen chloride is proved 
by the formation of silver chloride. Now, the composition of 
silver chloride being known (p. 150), and also that of hydro- 
gen chloride (p. 151), the weight of silver required to displace 

* The weif/ht of the hydrogen displaced by a known weight of a metal may 
also he determined by a method similar to that used in finding the weight 
of carbon dioxide which is obtained from a known weight of sodium oar* 
bonate (compare p. 77), but the experimental error is large. 
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1 g. of hydrogen from hydrogen chloride may be calculated 
and found to be 107*1 g.* 

Since 2*76 g. of hydrogen combine with 97*24 g. of chloryie, 1 g. 

97 *24 x 1 

of hydrogen combines with ~ chlorine. 

Since 24*7 g. o^chloiine combine with 75*3 g. of silver, 35*2 g. of 
chlorine combine with ^ — 107 "1 g. of silver. 

As all metals combine with chlorine, the composition of 
any metallic chloride may he determined either by passing 
chlorine over a weighed quantity of the metal and weighing 
the product, or by the method already mentioned (p. 152). 
The composition of any chloride being known, the hydrogen- 
displacing power of the metal contained in it may be tfalgi- 
laled, just as in the case of silver. Chloiide of copper (cupric 
chloride), for example, has the composition, copper 47*3, 
chlorine 52*7 per cent. ; hence the weight of copper which 
combines with 35*2 g. of chlorine is 31*5 g.* 

I3y direct or indirect methods, such as those indicated, it is 
possible to assign to each of the metals a number which 
expresses the weight of that metal required to displace one 
{ /mm of hydrogen ; hut since 1 g. of hydrogen combines 
with 352 g. of chlorine, the weight of any metal which 
displaces 1 g. of hydrogen from hydrogen chloride is aha the 
weight of that metal which combines with 35*2 g. of chlorine. 

Such values now begin to gain in importance, as they 
represent the relative weights of the metals which are equal 
or equivalent in two respects ; is it possible to extend this 
idea of equivalent weights to other elements besides metals, 
hydrogen, and chlorine ? Many metals combine directly with 
oxygen, and the composition of such oxides is oflen easily de- 
termined. The composition of a metallic oxide being known, 
it is easy to calculate the weight of oxygen winch combines 

* The results given here and in the following pages may not be exactly 
those calculated from the data supplied, as the latter are often given 
only to 1 decimal place. If the most accurate experimental values are 
considered, then the results are as stated. 
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withethe equivalent weight of the metal. Thus the com- 
position of copper oxide is, copper 79*9, oxygen 20*1 per cent. ; 
and that of f magnesium oxide, magnesium 60*35, oxygen 
39*65 fjer cent. ; therefore 31 ’5 g. of copper combine with 
7*94 g. of oxygen, and 12 1 g. of magnesium also combine 
with 7*94 g. of oxygen. From the kno\vn f composition of 
the oxides of iron, zinc, and silver it is found that 

27*8 g. of iron combine with 7*9 l g. of oxygen, 

32*4 g. h zinc n u 7 '94 g. u 

107*1 g. n silver n n 7*9-1 g. n 

These results may be now summarised as follows: 


a Weight of Element. 

Weight of 
Hydrogen ilis- 
pl.u'uii by 
given Weight 
ot Mel 111 . 

Weight ol 
Clilmim- with 
winch given 
Weight ol Mel ill 
( 'mii i bines. 

Weight of 
<>\\giMl with 
w h irli giv en 
Weight ol Met ;il 
( 'oinoiiio. 

Magnesium 12 1 g. 

i » 

33 *2 g. 

7 94 g. 

Zinc . . 3*2*4 g. 

i «• 

33 *2 g. 

7*94 g. 

Copper . 31 o g. 

i & 

35 *2 g. | 

7 *94 g. 

1 ron . . *27 *.S g. 

i i?- 

33 *2 g. 

7*94 g. 

Silver . 107*1 g. 



7 *94 g. 


Clearly these equivalent weights are of considerable im- 
portance, as they express the weights of the metals in grams 
which displace 1 g. of hydrogen, or combine with 35*2 g. of 
chlorine, or combine with 7*94 g. of oxygen. It is also 
evident that equivalent weights for the elements chlorine and 
oxygen have also been obtained, because the values 35*2 and 
7*94 respectively are the relative weights of these elements 
which combine with one equivalent weight of any given 
metal. The values 1, 35*2, and 7*94 also express the relative 
weights of the elements hydrogen and chlorine, hydrogen 
and oxygen, which combine together, the composition of 
hydrogen chloride being, hydrogen = 1, chlorine = 35*2 ; and 
that of water (p. 110), hydrogen 11*19, oxygen 88*81 = 1 ; 7*94. 

By analysing compounds of other elements and then making 
simple calculations such as the above it is possible to assign 
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to each element a number termed its equivalent wngjit, or 
simply its equivalent (E) ; this number expresses the weight 
of the element in grams which combines with or displaces one 

gram of hydrogen . • 

# 

Although tlie numbers deduced above were obtained by taking 
unit weight of hydrogen as a basis, it is clear that any fixed weight 
of any other element might he taken as a stamlard instead without 
ailed ing the relationship and significance of the equivalents. Thus 
if l g. of oxygen soiled as basis, since 7*H4 g. of oxygen are equiva- 
lent to l g. of hydrogen it would simply bo necessaiy to divide the 
above numbers by 7*!J4 ; their refatire values would not be changed. 
The equivalent oi an element., therefore, is the weight of that 
element in grams which combines with or displaces a standard 
weight of some standard element. 


The meaning of the term equivalent may perhaps be further 
illustrated by considering the results of experiments in which 
one metal directly displaces another. "When iron is placed 
in a solution of copper sulphate, the iron dissolves chemically 
and copper is precipitated (]>. 40) ; if a weighed quantity of 
clean iron wire (say 0*5 g.) is placed in a warm solution of 
of copper sulphate and left for some time, the wire 
disappears completely, and a reddish deposit of copper is 
obtained; this precipitate may be separated by filtration, 
washed, dried, and weighed. It is thus found that 0*5 g. of 
iron displaces 0*567 g. of copper, so that one equivalent of 


iron, namely, 27*8 


g., disj daces 


27*8 x 0*r>(i7 
0*5 


31 f) g. or one 


equivalent of copper. 

Zinc displaces copper from copper sulphate under similar 
conditions, and experiments show that 32*4 g. (or one equiva- 
lent) of zinc displace 31*5 g. (or one. equivalent) of copper. 

Similarly magnesium displaces silver from a solution of 
silver nitrate, and it is found that 12*1 g. of magnesium 
precipitate 107*1 g. of silver. 

In these experiments one m<*tnl is substituted for another; 
,pist as a metal may he substituted for the hydrogen of 
hydrogen chloride (p. 146), so also certain metals may be 
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substituted for tlie copper in the compound copper sulphate, 
and so on. 

Another excellent illustration of the meaning of the term 
equivalfllt is alforded by the change known as double decom- 
position (p. 147), as, for example, the interaction of copper 
oxide and hydrochloric acid. In each of tljese compounds 
the elements are combined in equiraknt quantities: copper 
31*5, oxygen 7*94; hydrogen 1, chlorine 35*2; this is 
also the case as regards the products copper chloride and 
water; hence double decomposition occurs without a particle 
of any one of the four elements being liberated. 

Copper Hydrogen ^ Copper Hydrogen 

oxide chloride k ne chloride oxide 

A A A A 

/Copper, 31 *5 Hydrogen, 1 Copper, 31 '5 Hydrogen, 1 
lOxygen, 7*94 Chlorine, 33*2 Chlorine, 35*2 Oxygen, 7*94 

It is also possible, as is indicated by this example, to extend 
the idea of equivalent weights to cowjumnds ; the relative, 
weights of ant/ two compounds which underyo double decom- 
position are equivalent to one another. Since, for example, 
36*2 of hydrogen chloride enter into double decomposi- 
tion with 12*1 4-7*94== 20*04 of magnesium oxide, or witli 
32*4 + 7*94 — 40*34 of zinc oxide, these weights of the respec- 
tive compounds are equivalent to 39*44 g. of copper oxide and 
to one another. 

The Law of Multiple Proportions. 

It follows from what has now l>eeii stated that the equiva- 
lent (E) of any element may be determined by finding the 
composition by weight of any compound which that element 
forms with any other element, provided that the equivalent 
of the latter is known. As the equivalent is thus based on 
the analysis of a compound of fixed composition, it is clear 
that the equivalent deduced from this analysis has also a 
constant value. 
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The equivalent of carbon, for example, nmy be calculated 
from the composition by weight of carbon dioxide (p. 116) ; 
since 27*27 g. of carbon combine with 72*73 £. of oxygen, 
the weight of carbon combined with 7*94 g. (one equivalent) 

, . 27*27 x 7*94 . # 

of oxygen is — 7 oT 73 — = 2'97. 

• • 

But, as already shown, carbon and oxygen also form a 
compound, carbon monoxide, which contains carbon 42*8 
and oxygen 5 7*2 per cent. (p. 122); if now the equivalent 
of carbon is calculated from the composition of this compound 

the value obtained is — 5*94. 

r>< *2 * 

Hence carbon has two dilfenmt equivalents, corresponding 
with its two oxides, the coni])ositions of which are :* • 


Carbon monoxide 

l Oxygen, 8. 


Carbon f p 1 a, ' hon * *■ 

l Oxygen, 8. 


Many other cases are known in which two elements unite 
in different proportions by weight. The black copper oxide 
(cupric oxide), obtained by various methods (p. 46), and 
consisting of copper 79*9, oxygen 20*1 per cent. (p. 50), is 
not the only oxide of copper known ; a red oxide ( cuprous 
oxide) may also be prepared from copper sulphate and by 
other methods. This compound may be analysed quantita- 
tively by heating a weighed quantity in a stream of dry 
hydrogen and weighing the copper and the water which are 
formed (p. 40) ; from the weight of the water, that of the 
oxygen may bo calculated. The substance is thus proved to 
be an oxide of copper, and its composition is determined 
at the same time. 

10 g. of the red oxide gave 1*26 g. of water and 8*88 g. 
of copper. The weight of oxygen in 1*26 g. of water is 
f*12g. ; the composition of the oxide, therefore, is, copper 
88*8, oxygen 11*2 per cent. 

Now the equivalent of copper calculated from the com- 

* The values are given in whole numbers for the sake of clearness. 

luorg, l • 
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positRm of the black oxide is 31*5 (p. 174), and that calculated 

from the composition of the red oxide is ^^^-^---63*0; 

hence copper has two different equivalents corresponding with 
its two oxides, the compositions of which an; : * 


Black oxide /Copper, 31 ’5. Ked oxide*/ Topper, G3. 

(cupric) l Oxygen, 8. (cuprous) l Oxygen, 8. 


When red lead is placed in nitric acid it is decomposed; 
one of the products is a biown powder which is not further 
acted on by nitric acid. This powder may be separated by 
filtration, washed well, and dried. It is called Imoi Jtor'uh 1 . 

\C'hen lead dioxide is heated, oxygen is liberated and 
Hthffrge (p. 80) remains; 100 g. of lead dioxide lose 0*7 g. 
of oxygen and give 93*3 g. of litharge. 

When litharge is heated in a stream of dry hydrogen, 
water is formed and lead remains ; the composition of litharge 
may thus he determined (compare above), and found to be, 
lead 92 *82, oxygen 7 ‘18 per cent. 

The composition of litharge being known, that of load 
dioxide may he calculated as follows: Hince 100 g. of litharge 
contain 92*82 g. of lead, 93*3 g. of litharge (the quantity ob- 
tained from 100 g. of lead dioxide) contain 86*0 g. of lead ; 
the composition of lead dioxide, therefore, is, lead 86*6, and 
oxygen 13*4 per emit. 

.Now the equivalent of lead calculated from the compo- 
sition of lead dioxide is 51*3, that from the composition of 
litharge 102*6; hence lead has two different equivalents cor- 
responding with the two oxides, the compositions of which 
are : * 


Lead dioxide { Jf l< ^ 

■ Oxygen 


51*3. 

8 . 


Litharge 


{ 


Lead, 

< >xvgen, 


102 * 6 . 

8 . 


These three examples may serve to show that two elements 
may unite in different proport ions to form two (or more) 
compounds; consequently an element may have two or more 


The value* are rounded oil' for the bake of cleameM. 
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equivalents ,* It will bo aeon, however, that there is a simple 
relation between the two (or more) equivalents of any given 
element ; in the examples just studied the higher torn is a 
simple multiple of the other* • 

The results of the examination of many such cases in 
which two elements A and 1> unite in different proportions 
by weight are summarised iu the law of multiple propor- 
tions : * When any two elements A and 13 combine, to form 
wore than one comjumndy the weights of B which unite with 
any fured weight of A stand to one another in the ratio of 
small whole numbers. 9 This ratio is not necessarily 1 : # 2 as 
in the above examples, but may bo 1:3, 2 : 3, or any other 
simple ratio. * • 

Since the proportions by weight in which elements com- 
bine are always equal to or simple multiples of fclieir equiva- 
lents, it follows that 1 when two elements A and 15 combine 
with one another, and also combine separately with any other 
element C, the weights of A, 1>, and C in all the compounds 
which they form arc expressed by their equivalents or by 
simple multiples thereof/ This is known as the law of 
red) moral proportions. 


CHAITER XX* 

The Atomic Theory. 

The law of multiple proportions was discovered by John 
Dalton (in 1804); the discovery led him to suggest a very 
important theory which would explain or account for this law, 
and also for the law of definite proportions (p. 53). Before 
considering this theory, the following rough mechanical illus- 
trations of these two important laws may he considered. 

* If in the above examples the weight of oxygen ooinbinod with a Jfsccd 
weight of the other element is calculated, then of course two equivalent* 
of oxygen are obtained instead of two of the other element, • 
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Imagine a large number of extremely small balls, all made 
of the stuff or matter of an element (A), say carbon, and all 
of the came ‘weight ; also a large number of balls of an 
element (B), say oxygen, all of the same weight. Let the 
relative weights of the A and B balls be 5*94: 7 ‘94, or in 
round numbers 6:8. “ 

Now imagine that one of the A balls and mm of the B balls 
attract one another and combine together, forming a paired or 
compound ball AB ; and suppose, further, that some millions 
of these pairs are formed in a similar manner. 

Then if any considerable weight of matter consisting of 
these 1, compound balls AB were examined it would be found 
to hewe constant properties ; if, in any way, the A balls could 
be separated from the B balls, the matter AB would be 
regarded as a compound; nevertheless it would be constant 
in composition , and would always consist of 6 parts by weight 
of A matter to 8 parts by weight of B matter, whatever 
sample was examined. 

Imagine further that, under other conditions, instead of 
one A ball attracting only one B ball, it attracts and com- 
bines with two, and that some millions of these trios 
A,2B are formed ; then if any considerable weight of matter 
composed of these compound balls A,2B were examined, 
it would be found to have constant properties ; if, by 
any means, the A balls could be separated from the B 
balls, the matter would be regarded as a compound ; never- 
theless it would be constant in composition , and would always 
consist of 6 parts by weight of A to 16 parts by weight 
of B. If now the compositions of the pairs AB and 
the trios A,2B are considered, then, taking a fixed weight 
of B, say 8 parts, the weight of A in the pairs AB is 6, 
while in the trios A,2B it is 3; that is to say, if the 
balls A represent carbon matter, and the balls B oxygen 
matter, the compositions of the pairs AB and of the trios 
A,2B are those of carbon monoxide and carbon diox id? 
respectively (p. 177). 
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e -{b::: 

,2B = j 


6 parts by weight. 

8 


A. 

2B. 


. 6 A... 3 parts by weight " 

.16 wr B...8 .? 


These results *would only be obtained so, long as the balls 
did not get chipped or broken. If they were breakable 
(divisible), and pieces got broken off and separated, then 
any considerable weight of the matter AB or A,2B would not 
always consist of the same proportion of A and B matter; 
different samples w.ould differ in properties, including com- 
position, and the proportion of A combined with a fixed 
proportion of B matter would vary indefinitely. 9 

If now, instead of carbon and oxygen matter, the balls *A 
are composed of copper and B of oxygen matter respectively, 
and have the relative weights 131*5:8, then by making pairs 
AB a compound having the composition of black copper 
oxide, and by making trios 2A,B a compound having the 
composition of red copper oxide, would result (p. 178). 

Similarly, with balls A of lead matter, and balls B of 
oxygen matter, having the relative weights 102*6 and 8, the 
pairs AB would have the composition of litharge, the trios 
A,2B the composition of lead dioxide (p. 178). 

Now when two elements combine, the properties of the 
resulting compound are absolutely dill'ej ent from those of its con- 
stituents ; in this respect the crude illustrations given al>ove fail 
to give any idea of chemical combination, a fact which should 
be carefully borne in mind. This difficulty being ignored, and 
certain assumptions being made, the compositions of all the 
above combinations of different kindsof matter are in accordance 
with the laws of fixed composition and multiple proportions. 

What assumptions have been made regarding these com- 
binations ? 

1. That the stuff or matter of which an element consists is 
made up of small balls or particles. 

2. That all the balls or particles of which an element con- 
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sists are of tlie same weighty but differ in weight from those of 
another element. 

3. Tlyit thcr balls or particles cannot be broken or divided 
into smaller parts ; tlipt they are indivisible. 

4. That the balls or particles combine with one another in 

simple ratios. .. • 

Such assumptions as these were made by Dalton, and to the 
indivisible, indestructible, extremely small particles, of which 
he supposed elements to consist, he gave the name 'atoms.' 
These assumptions constitute the Atomic theory, of which 
the foundations were thus laid by Dalton. 

According to this theory an atom is an indivisible part of 
an element ; consequently it is the smallest mass of an 
(dement which can combine with any other (‘lenient, or, in 
fact, take part in any chemical change. All the atoms of a 
given element have the same weight. 

A compound is formed by the combination of atoms of 
different elements in some simple ratio ; each particle of the 
compound so formed is called a molecule, and the molecule of 
a compound is thus the smallest weight of a compound which 
can exist. 

It does not follow from the atomic theory that the atoms of 
an element are quite independent of one another; they may 
or may not form little groups or collections. Jn fact, there is 
evidence that in the case of many free elements their atoms do 
thus group themselves together ; the smallest weight of an 
element which thus exists in tin? free (or uncombined) state is 
called a molecule of that element. Some elements may have 
molecules of single atoms only, others may form molecules 
each consisting of two atoms, and so on. These molecules, how- 
ever, when they consist of more than one atom, may be resolved 
into their atoms when two elements combine, so that it is not 
the molecules but the atoms which unite together. 

Chemical change may now be defined as a change which 
results in the formation of new molecules of an element or of 
a compound. 
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According to the atomic theory, when two elements A 
ami B combine to form a corn pound, individual atom a of 
A combine with individual atoms of B ; large, indefinite 
collections of atoms do not unite together. The simplest case 
is when one atom of one element unites with one atom of 
another. But ah atom of one element nmy # combine with two 
atoms of another, or with three, four, and so on; or two 
atoms of one element may combine with three of another, and 
so on. 

Suppose, therefore, that two elements, say hydrogen and 
chlorine, which only form one compound, are caused to com- 
bine, and that one atom of hydrogen unites with one atom of 
chlorine to form a molecule of hydrogen chloride, tliAi # if 
there are more atoms, say, of hydrogen than of chlorine, the 
surplus or excess of hydrogen remains ‘free,’ and the result is 
a mixture of molecules of hydrogen chloride and of hydrogen. 
But the hydrogen chloride itself is always fixed in composi- 
tion because it is formed of molecules all of which consist 
of one atom of hydrogen of definite weight and one atom of 
chlorine of definite weight. 

Suppose, again, that two elements, say carbon and oxygen, 
which may form two compounds, are brought together under 
such conditions that one atom of carbon may combine either 
with one or with two atoms of oxygen ; then one compound, 
or a mixture of two compounds, may be formed according to 
the relative proportions of the elements present. If the total 
number of carbon atoms is greater than that of the oxygen 
atojiu some of the former remain as free carbon, whereas if 
the total number of oxygen atoms is more than double that of 
the carbou atoms some of tho oxygen remains free. In any 
case the compound or compounds formed are fixed in com- 
position, and the weights of carbon in the two compounds, 
combined with a fixed weight of oxygen, bear a simple ratio 
to one another, because tho weights of the atoms and the 
numbers of each in the molecule aie fixed. The atomic theory 
thus accounts for the laws of chemical combination. 
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Atomic Weights. 

Sinoo all *the atoms of a given element have the same 
weight, but atoms of ^different elements have different weights, 
if an atom of each of the elements could be separately 
weighed, and the Weight of each expressed in terms of some 
extremely small unit, the numbers thus obtained might be 
called the atomic weight# of the elements. As, however, it is 
impossible to obtain a single atom, or to weigh one even if it 
could be obtained, the question arises: Is it possible to deter- 
mine the relative weights of the. atoms — that is to say, to 
ascertain liow many times the atom of one element is heavier 
ttyaif that of another % This problem was considered by 
Dalton, and it will he useful to examine how he set about it. 

Knowing that water is composed of 1 part by weight of 
hydrogen and 8 parts by weight of oxygen,* Dalton supposed 
that the molecule of water was composed of 1 atom of hydro- 
gen and 1 atom of oxygen, in which case it is clear that the 
oxygen atom must be 8 times as heavy as the hydrogen atom, 
and the relative atomic weights are determined. In order to 
express these assumptions in a short way, Dalton used signs 
or symbol* for the two elements, namely, the symbol Q for 
oxygen and Q for hydrogen, and represented the wotenite of 
water by the combined symbols of the elements contained in 
it — thus, OO. This collection of symbols, or formula, was 
intended to show that the molecule of water is made up of 
1 atom of hydrogen and 1 atom of oxygen, and as each symbol 
represented also the relative weight of the atom of the element 
for which it stood, the formula also expressed the composition 
by weight of the compound water. 

Again, knowing that carbon monoxide is composed of 
6 parts of carbon to 8 parts of oxygen by weight, Dalton 
assumed that carbon monoxide was composed of 1 atom 

* The most accurate value is 7 '94 parts by weight of oxygen, while 
Dalton took it as 7 ; here and in several other cases whole numbers are 
given for the sake of simplicity, and Dalton’s actual figures are not used. 
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of carbon and 1 atom of oxygen, and wrote its formula 
• Oi the black circle representing 1 atom of carbon ; carbon 
dioxide, which contains carbon and oxygen in tke proportion 
3:8 or 6:16, lie represented by the formula O • O- If 
these assumptions are fart*, then the relative weights of the 
atoms of hydrogen, carbon, and oxygen woidd be 1:6:8; and 
the three formula) given above would express the compositions 
by weight of the three compounds water, carbon monoxide, 
and carbon dioxide respectively, because each symbol repre- 
sents the relative weight of the respective atom. This idea 
of using a symbol for each of the elements Avas extended by 
llcrzelius (in 1818), and is now generally employed. •The 
syndic 1 is usually the first letter of the name of the element ; 
hut when the names of two or more elements have the same 
initial letter, and the single letter has already been appro- 
priated, then the first Iavo hitters form the symbol. Thus the 
symbol of carbon is C ; of calcium, Ca ; of copper (cuprum), Cu ; 
and so on. A list of elements with their symbols is given 
later (p. 201). Compounds are then represented by writing 
side by side the symbols of the elements they contain, a small 
numeral alter the symbol and below the line showing how 
many atoms of that element are present in the molecule ; thus 
CO represents the molecule of carbon monoxide, C0 2 that of 
curl ion dioxide. 

Returning hoav to the question of atomic weights, it has 
been noted that ] Hilton supposed or assumed that the mole- 
enle of Avater is composed of 1 atom of hydrogen and 1 atom 
of oxygen ; its formula would then he HO. Rut suppose that 
2 atoms of hydrogen combine Avith 1 atom of oxygen; the 
formula of Avater Avould then be H a O, and as water is com- 
posed of hydrogen and oxygen in the proportion 1:8 by 
Aveiglit, the oxygen atom Avould be eight times heavier than 
2 atoms of hydrogen, 1(5 times heavier than 1 atom of hydro- 
gen ; the relative atomic weights Avould not be 1:8 as 
supposed by Dalton, but 1:16. 

Again, suppose that 3 atoms of hydrogen unite with 1 atom 
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of o^gen ; the formula of water would then he H 3 0, and the 
relative atomic weights 1 : 24. Lastly, suppose that 1 atom 
of hydrogen unites with 2 atoms of oxygen ; then the formula 
would be H0 2 , and tjje relative atomic weights 1 : 4. 

It must be evident, therefore, that the relative weights of 
the atoms of hydrogen and oxygen amnot be, *!ei ermine*! from 
an analysis of the compound which these elements form with 
one another unless it is known how nuintj atoms of hydrogen 
and of oxygen have combined to form the molecule of water. 
The analysis of water merely gives the equivalent of oxygen — 
that is to say, the weight of oxygen which combines with 
1 gram of hydrogen. If, however, the different jiorxihle values 
for the (relative) atomic weight of oxygen are considered, 
n&mely, 8, 16, 24, 4 (see above), it will he seen that they 
arc all a simple multiple or a simple fraction of its equivalent 
(E = 8); and whatever he the (relative) atomic weight of 
oxygen, this relation must hold : (Relative) atomic weight = //.E, 
where n is some simple whole number or some simple fraction. 

The case of another hydrogen compound may next be con- 
sidered. Hydrogen chloride is composed of hydrogen and 
chlorine in the proportion 1 : 35*2 by weight. Now if hydro- 
gen and chlorine combine atom to atom, the formula of 
hydrogen chloride is HC1, and the (relative) atomic weights 
of hydrogen and chlorine are 1 : .35*2. If, however, 1 atom 
of hydrogen combines with 2 atoms of chlorine, the formula 
is HCl,, and the (relative) atomic weights 1 : 1 7 '6 ; if the 
formula is H S C1, the (relative) atomic weights are 1 : 70*4; and 
so on. Jiut in every case the (relative) atomic weight of 
chlorine is a simple fraction or a simple multiple of the 
equivalent (E =-= 35-2) ; At. Wfc. = ?*E. 

Lastly, consider the case of the two oxides of carbon. In 
carbon monoxide the equivalent of carbon is 6. Then if the 
molecule of carbon monoxide is represented by the formula 
CO, the (relative) atomic weight of carlxm is 6 (0 = 8) ; if the 
formula is C 8 0, the (relative) atomic weight of carbon is 3 ; if 
OOb# then it is 12; and so on. In carbon dioxide the equiva- 
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lent of carbon is 3. Then, if the formula is 00, the (relative) 
atomic weight of carbon is 3 ; if the formula is CO a , the 
(relative) atomic weight is 6 ; if C0 3l then it is ft; am^ so on. 
The (relative) atomic weight of carl mi), therefore, may be 
3, 6, 9, 12, &c. — that is to say, a simple multiple or fraction 
of both (or all) its equivalents. 1 

Hence the equivalents of an element, accurately determined 
by analyses of its compounds, are extremely important values, 
because the (relative) atomic wait) hi of an element must be 
a simple multiple or simple fraction of all its equivalents : 
At. AVt. = n E. 

JSow the equivalents of all elements may be found experi- 
mental W, and, by various methods to be described later* the 
value of n in the above expression can be determined : tfte 
re/atire atomic weights, usually known as the atomic weights 
of the elements, are thus lixed in terms of some suitable 
standard, namely, the weight of an atom of hydrogen. 


CHAPTER XXI. 

The Law of Gay-Lussac.* 

Since every compound has a fixed composition by weight , 
and since the volume occupied by a given weight of a given 
gas at N.T.P. is also fixed, it follows that when any com- 
pound is decomposed into gaseous elements, or when gaseous 
elements combine to form a compound, the relative volumes 
of these gaseous elements at N.T.P. arc also constant. 

Further, if a gaseous compound, A, is formed by the combi- 
nation of a gaseous compound, .B, with an element, C (as, for 
example, when carbon dioxide is formed from carbon monoxide 
and oxygen), the relative volumes of the product, A, and of 
tlie two gases, B and C, which unite, are also constant. 

* Also known as Gay-Lussac’s law of gaseous combination (or of combin- 
ing volumes). 
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It 'follows, therefore, that whenever two (or more) gases 
are formed by the decomposition of a gaseous compound, 
or uni£e to form a gaseous compound, the volumes of all the 
gases concerned in the given change are always in the same 
fixed proportion. 

About a century ago (1808) Gay-Lussac and Yon Humboldt 
carried out a very important investigation in order to find 
experimentally the proportions by volume of the gaseous sub- 
stances taking part in certain chemical changes. Some of the 
compounds they used have not yet been studied, so the results 
they obtained will be illustrated by other examples. 

The compound hydrogen chloride is formed (with explosion) 
whew hydrogen and chlorine are mixed together and an electric 
spark is passed through the mixture. 

As chlorine cannot be collected over mercury (because it 
combines with this metal) and is soluble in water, this experi- 
ment has to be carried out under special conditions, and is a 
difficult one to perform. 

It has been proved, however, that one volume of hydrogen 
combines with one volume of chlorine to form two volumes of 
hydrogen chloride, all the gases being measured under the 
same conditions of temperature and pressure. 

When water (to which a few drops of sulphuric acid have 
been added) is decomposed with the aid of an electric cur- 
rent in a voltameter (p. 108) and the volumes of the liberated 
gases are measured under the same conditions, the volume of 
the hydrogen is always double that of the oxygen ; it follows, 
therefore, that two volumes of hydrogen combine with one 
volume of oxygen to form the compound water. 

This may also be proved as follows : Some pure dried 
hydrogen is passed up into a eudiometer (fig. 60, p. 162) 
filled with mercury, and its volume is carefully noted and 
corrected to N.T.1\ ; an approximately equal volume of pure 
dried oxygen is then passed into the same tube and the total 
volume of the mixed gases is noted and corrected to N.T.P. ; 
by subtraction the volume of the oxygen js found. 
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The eudiometer is now pressed down on an in dia-i fibber 
pad in the mercury-trough and firmly clamped in position, 
after which an electric spark is passed between Jthe platinum 
wires (a, a ) ; an explosion results, the gases combine, and 
most of the water which is formed condenses to a liquid — 
which then occupies a volume so relatively small that it may 
be neglected. On the eudiometer being slightly raised from 
the rubber pad, the mercury immediately rises in the tube 
and its level becomes constant ; the volume at N.T.P. of the 
remaining gas is now ascertained (it is saturated with aqueous 
vapour, and the observed pressure must be corrected), and it 
can be proved that this gas is oxygen, free from hydrogen, as 
it is completely absorbed by phosphorus. Quantitative ex- 
periments of this kind show that tiro volumes of hydrogen 
always combine with ons volume of oxygen ; if either gas 
is present in excess of this proportion that gas remains 
unchanged. 

If the combination of oxygen and hydrogen takes place at 
a temperature above the boiling-point of water and at atmos- 
pheric pressure, then the whole of the water remains in the 
state of vapour, and its volume may also be measured ; it is 
then found that two volumes of hydrogen and one volume 
of oxygen combine to give two volumes of water vapour, all 
the gases being measured under the same conditions. 

One limb of the eudiometer (a, fig. 67 ; compare also 
fig. 61, p. 162) is surrounded by a glass jacket (b), through 
which is passed from (r) the vapour of some liquid (amyl 
alcohol, for example) of boiling-point considerably higher than 
that of water ; this vapour then passes through the condenser 
(d). Dry electrolytic gas (p. 109), which is known to be a 
mixture of two volumes of hydrogen and one volume of 
oxygen, is introduced .into the eudiometer, and when the 
temperature is constant the mixture is brought to atmospheric 
pressure (compare p. 162). A spark is then passed through 
the gaseous mixture (observing necessary precautions), and 
after again adjusting tbp pressure the volume of the water 
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vapofir is noted ; three volumes of the electrolytic gas give 
two volumes of water vapour. 

The combination of carbon monoxide and oxygen to form 
carbon dioxide may^ilso be examined volumetrically ; it is 



then found that one volume of oxygen comhinos with two 
volumes of carbon monoxide to form two volumes of carbon 
dioxide. 

One of the gases is passed into the eudiometer (fig. 60, p. 162), and its 
volume (vd is noted and corrected to N.T.P. The other gas is then 
added, and the corrected volume (v a ) of the mixture is ascertained. 
The volume of the second gas is obtained by difi'erence, and, for 
convenience, the os y yen (v., - vj) is used in excess. The mixture 
is then exploded, and after the explosion the coi reetod volume (v ;i ) 
of the mixture of carbon dioxide and oxygen is ascertained ; the 
diminution or contraction (v a - v 3 ) which has occurred is found liy 
subtraction. A strong solution of sodium hydroxide is then passed 
up into the tube, whereupon the carbon dioxide is absorbed. The 
corrected volume (v 4 ) of the remaining gas (oxygen) is now ascer 
tained, and the volume (v f - v,) - v 4 of this gas which has combined 
with the known volume (v,) of carbon monoxide to form a known 
volume (v 3 ~ v 4 ) of carbon dioxide is thus determined. 
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Example : § 

Corrected volume of carbon monoxide (Vj), 20*4 c.c. 

tt h ii ii and oxygen (v fl ), 401 c.c. 

ii ii of oxygen (v g -vj, 19*7 c.c. » * 

n it after explosion (v.,), 2p*9 c.c. 

it «i of oxygen (v 4 ) after absorbing carbon dioxide, 


9*5 c.c.. 

n *n of carbon dioxide formed (v :{ - v 4 ), 20*4 c.c. 

Hence 19*7 - 9*5 = 10*2 c.c. of oxygen have combined with 20*4 c.c. 
>f carbon monoxide to form 20*4 c.c. of carbon dioxide. 


The results of many experiments of this nature led 
Oay-Lussac and Yon Humboldt to the following important 
generalisation, which, tested and verified by numerous Intel 
investigators, is now known as Gay-Lussac’s law : ‘ The 
relative volumes of the gaseous substances winch take part* in m a 
chemical change are always expressed by some simple ratio.’ 


lb is possible to deduce this law without actually measuring the 
volumes of the gases, provided that their densities are known and 
also the composition by weight of the compound gas which is 
formed or decomposed in the given change. Thus, as it is known 
that the densities of hydrogen, chlorine, and hydrogen chloride are 
1, 35*2, and iS'l respectively, and that the composition of hydrogen 
chloride is H — 2*76, Cl = 97*24 per cent., the relative volumes 
of the h\drogen and chlorine which combine may he calculated. 
The volume of any gas required to give unit weight of that gas 
is inversely as its density ; hence the volume of hydrogen required 

y 

to give 2*76 g. of this element, being 2*76 x the volume of 


chlorine required to give 97*24 g. of chlorine is 97*24 x 


35-2 5 that 


is to say, the volumes must, he equal. Further, since the density 
of hydrogen chloride is 18*1, which is the mean of those of its 


constituents, or 


1 +35-2 
2 


, its volume must he equal to the sum of 


the volumes of the hydrogen and chlorine - that is to say, two 
volumes. Putting this in another way, since *2 volumes of 
hydrogen chloride weigh just the same as 1 volume of chlorine 
+ 1 volume of hydrogen, no change in volume occurs when the 
elements combine. 

Again, the densities of hydrogen and oxygen being known to 
\he 1 *. 15*88, and the composition of water beiug H = 11*2, O = 88*8 
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per c|nt., the volumes of the gases which combine ninst he in 

the ratio 11'2 x 88*8 x , V -, or as 11*2 : 5*6 = 2 : 1. The density 
I J O no 

of water vapour is 8*94 (p. 161); since 2 volumes of hydrogen 
(D = l) c and 1 volume of oxygen (I) — lo*88) combine, there 

i. i 1 + 1 4* lo*88 r 0 . - , 

must be - = 2 volumes of water vapour. 

n ‘94 

In a similav manner the volume relationship rtiay be calculated 
in other cases, and the results are expressed by the above law. 

Now Gay-Lussac’s law has a most important bearing on 
the atomic theory*. According to this theory, when two 
elements unite to form a compound the individual atoms 
of the different elements combine in some simple ratio to 
form' molecules of the compound; therefore the total tnnnhers 
of the atoms of the elements which combine must also he in 

i 

some simple ratio . But the volumes in which gaseous elements 
combine are also in some simple ratio; therefore the numbers 
of the atoms in equal volumes of different gaseous elements 
are in a simple ratio. 

To make this reasoning clear, imagine two boxes of equal 
volume, one containing white, the other black balls (atoms), 
and that the balls are so small that their combined volume 
only fills a small fraction of the volume of the boxes ; these 
balls may then represent the atoms or molecules of two gases 
(p. 182). Suppose now that one ball is taken from each box 
to make a compound ball 0#» and that this operation is 
repeated as long as possible; if then both boxes are emptied 
simultaneously, they must at first have contained equal numbers 
of balls (in the equal volumes). 

Suppose next that the white balls (atoms) are originally 
joined in pairs (molecules), and that the black halls also form 
pairs, then if, on making the compound O#* by separating 
the pairs and taking one white and one black ball, the boxes 
are emptied at the same time, the equal volumes must again 
have contained equal numbers of pairs (molecules). 

Now imagine several boxes of equal volume, some contain 
i ng white and some black balls, and that both kinds of halls 
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arc grouped in pairs (molecules), but that two black balls are 
taken to every single white one to form a compound #0#> 
then, if exactly two boxes of black balls are emptied t^> every 
one box of white ones, the three boxes j>f equal volume con- 
tained equal numbers of pairs (molecules). 

Lastly, supple that the white balls for pi groups or mole- 
cules of three, while the black ones form molecules of two ; 
then if, on breaking up these molecules and forming a com- 
pound 0#» exactly three boxes (volumes) of black balls are 
emptied to every two boxes of white ones, all the fire boxes 
of equal volume contained equal numbers of molecules. 

In all these cases the volumes in which the balls arc* con- 
tained are in a simple ratio, whether the halls aie single or 
grouped in pairs or in sets of three. • 

These rough and unsatisfactory analogies may help to show 
that a most important conclusion may he drawn from the fact 
that gases combine together in simple proportions by volume. 


CHAPTER XXII. 

Avogadro’s Hypothesis and the Law of 
Du long and Petit. 

It was pointed out by Avogadro (in 1811 ) that Gay-Lussac’s 
law could be accounted for or explained by assuming that 
equal volumes of all gases contain equal numbers of 
molecules, under the same conditions of temperature and 
pressure ; this most important generalisation is now known 
as Avogadro's hypothesis or theory, and is a necessary 
deduction from the kinetic theory of gases. 

Unfortunately many years passed before the importance of this 
hypothesis was recognised, and it was not until it had been em- 
ployed liy Gerhardt and hy Cannizzaro that its adoption became 
general. 

Inorg. 


X 
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With the aid of Avogadro’s hypothesis the science of 
chemistry made great progress, for it now became possible to, 
settle the relation between the equivalent and the atomic 
weight' (p. 187) of an clement. 

In the iirst place, the ret at ire ireif/hts of the. molecules 
of elements and compounds could now be ascertained by 
direct weighing. If equal volumes of two different gases are 
weighed under the same conditions, since they contain equal 
numbers of molecules, the Malice /reh/hts of Ha ir molecules 
must he the same as the relatin' Keiyhts of the equal volumes . 

Now the (tensitij of a gas (com pare footnote, p. Go) is 
the jveight of the gas in terms of that of an equal volume' 
of hydrogen ; the density, therefore, also gives the relative 
weight uf the molecule of the clement or compound. 

The densities of some oases are given in the following 
table. In the case of the gaseous elements, the equivalent of 
the element is also stated. 



WriLrlit of 1 i 
Lille fit N.T.P. , 
in (iianiM , 

Density. 

Equi valent 

Hydrogen . 

00!) ! 

1 

1 

Oxvgen 

1-43 

l.VXS 

7*94 

Chlorine 


3T»-2 

3.V2 

Nitrogen 

1 *25 

13-11 

4*03 

Water (vapom ) . 

oso 

s-n 



Hydrogen chloride 1 

1 1J3 

1 H ‘ I 



Carbon dioxide . 

1 *00 

21 -S 



Carbon monoxide 

1 25 

13-9 



A consideration of these values at once brings out an im- 
portant fact, namely, that in the case of the elementary gases 
the density is a simple multiple of the equivalent; thus the 
density of chlorine is the same as its equivalent, that of 
oxygen is K x 2, that of nitrogen K /. 3. The density, there- 
fore, has some close connection with the atomic uoiqhl of an 
element, since the Litter always boars a simple ratio to the 
equivalent (p. 187). 

Now . what is meant by atomic weight 1 It is a number 
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expressing the weight of an atom of an element in terms of 
that of an atom of hydrogen ; and an atom is the smallest 
weight of an element .which can take part in iflie formation 
of a compound, or which can exist ia the molecule of a 
compound. 

If, then, the rtdative weights of the molecules of a number 
of compounds of hydrogen are determined by direct weighing, 
and the weight of hydrogen which is contained in these 
relative weights is known (from analyses), then those 
compounds which contain the smallest weight of hydrogen 
may he supposed to contain only one atom of that element in 
the molecule. ® 

In the following table the actual and relative weights of 
one litre of different compounds of hydrogen, and of hydrogen 
itself, are given in columns I. and II. respectively ; the 
actual weights of the hydrogen matter contained in a litre of 
the different gases (as determined by analysis) are given in 
column III. Several compounds which have not yet been 
described are included in the table in order to bring out more 
clearly the desired principle. 


Actual 
Weight of 

J Li in* al 
N.T.r. 

111 (i i inns. 

ir. 

Density 
(Relative 
Weight ol 
Molecule). 

ill. 

Actual 
Weight of 
Hydrogen 
in 1 Litre. 

IV. 

Relative 
Weight of 
Hydrogen in 
Litre, and 
therefore in 
Molecule. 

1 ttt 

. 

18*1 

0 045 

1 

3 02 

40*2 

0*045 

1 

0 09 

10 

0 09 

2 

0-80 

8*9 

0 09 

2 

0-76 

8 -5 

0-135 

3 

0*72 

8*0 

0180 

4 


Hydrogen chloride 
Hydrogen bromide* 
Hydrogen (free j*us) 
Hydrogen oxide] 
(water vapour) f 
Hydrogen nUiidef] 
(or ammonia) J 
Hydrogen carbide X \ 
| (or methane) j 


*A compound of hydrogen and bromine, very similar to hydrogen 
chloride. 

t A compound of hydrogen and nitrogen (p. -00). 

X A compound of hydrogen and carbon. 
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From this table it is seen that the weight of hydrogen in a 
litre of hydrogen chloride (and in a litre of hydrogen bromide) 
is lessr than 'the weight of hydrogen in a litre of any of the 
oilier compounds; that is to say, when tin* relative weights 
of tin? molecules of \ arums hydrogen compounds are con-' 
sidered, and alsir the relative (or actual) * weights of the 
hydrogen matter contained in these molecules, it is found 
that those ol* hydrogen chloride and of hydrogen bromide 
contain a smaller weight of hydrogen than any of the. other 
molecules. 

.Now no known compound of hydrogen, in the. state of gas 
or vapour, contains le^s than 0-015 g. of hydrogen in the 
lijr(*; that is to . say', no molecule is known in which there is 
a smaller weight of hydrogen than is present, in the molecule 
of hydrogen chloride, (and hydrogen bromide). As an atom 
is the smallest weight of an element which can exist in any 
molecule, it may 1m? roii'duded that the molecule of hydrogen 
chloride (and that id* hydrogen bromide) contains only one. 
atom, of hydrogen. 

The atomic weight of hydrogen, therefore, might be 
arbitrarily fixed as 0-015. Such a faille, however, would he 
highly inconvenient, and so the atomkV weight of the standard 
element may he taken as a whole number and put’- 1, 10, 
100, or any other value; merely for the sake of simplicity 
the atomic weight of hydrogen is taken as 1. 

Returning to the table (eofumn IV.), it will be seen 
that the weight of hydrogen \mattcr contained in a litre 
of fre/i hydrogen or in the inolecule of hydrogen is just 
double that of the hydrogel matter contained in a litre 
of hydrogen chloride or |iu tin? molecule of hydrogen 


chloride; hence the mofevtife of hydrogen consists of tiro 
* atoms . The weight of a ntye.nile of an element or com- 
pound in terms of that of o'ye atom of hydrogen is called 
molecular weight (M.W.^ hence the molecular weight 
4? of hydrogen is 2. V 

Now, since 0-0899 gram of Hydrogen occupies 1 litre, 
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2 grams (or one gram-molecule, or the molecular weight 
in grams) of hydrogen occupy 22*25 litres at N.T.P. 
(0*0899:2:: 1 22*25). . 

Jhit according to AvogadioV* hvpot hesi$ the relaliyc weights 
of equal volumes an* also the relative weights of the molecules 
themselves; heitcc the. number which expresses the weight in 
grams of 22*25 litres of any gas at N.T.V. also gives the 
molecular weight of that gas ; one gram-molecule of every 
gas occupies 22*25 litres at N.T.P. 

The data in the table (p. 195) may now he put more con- 
veniently. Tin* weight in grams of 22*25 litres of the gas is 
given in column 111. : this number is the molecular weight of 
the gas, and it will be seen by com] taring it with tin* density 
(column II.) that in all cases 1SI.W. — I ) x 2. * 



1. 

II. 

in. 

IV. 

f : 

i 

i 

i 

WlMj-'llt Of 


| \V<M" lit Of 
! L'l! I. It It’s 

m Oraiiis 

W.-iL'llt. 

Weight of 

1 l.i lir :it 

N.T P. in 

Ot.ims. 


If \ ilmiriMi in 
till 1 (illllll- 

Mclerule. 

H vdmgeu chloride . 1 


1S| 

: it;*2 

1 

Hydrogen bromide. 

,*{ 02 

40*2 

80-4 

1 

Hydrogen (gas) . ; 

0 * 0 !) 

10 

2*0 

2 

Hydrogen oxide) 
(water) . j 

0*80 

SO 

ITS 

2 

Hydrogen nihidep 
(ammonia) . j , 

0 - 7(5 

s-r> 

17*0 

3 

Hydrogen carbide \ 
(methane) . |' 

0 * 7*2 

s-o 

10*0 1 

i i 

i 

4 


It. is thus possible to iind experimentally the molecular 
weight of any substance (element or compound) which can 
he obtained in tin form of a gas or vapour ; its density is 
determined (compare p. 159) ; and D x 2 — j\1.W. 

Tin*, relation between* density and molecular weight should 
be clearly iffmerstoori. The density expresses how many 
times the molecule of the. subst ance is heavier than a molecule 
(two atoms) of hydrogen ; the molecular weight expresses 
how many times heavier the molecule is than one atom of 
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hydrogen. The standard is two units in the first case, one 
unit in the other. 

The* deterfni nat ion of the atomic weights of other elements 
from the molecular weights of their compounds is based on 
the principle explained in the case of hydrogen. As large a 
number as possible of compounds of the clement are analysed 
quantitatively ; their densities are then determined, and from 
these their molecular weights. The smallest weight of the 
element in the ijram-hiohrule of any of its compounds is then 
taken as its atomic weight, or rather the value thus deter- 
mined shows what multifile of TC must be taken in the 
expfession AL.Wt. = ?/E (p. 187). Thus in tin* ease of oxygen 
data such as the following are obtained : 


Water (vapour) 
Carbon monoxide 
Oxygen (free gas) 
Carbon dioxide 
Sulphur dioxide (p 
229) . 


Density. 

Wr’ulil ol 
*JJ 2*. Lit n 
at .\.T.I\ 

in Oiains. 
MolwuWu 

WVii'lit 

0 

18 

14 

28 

16 

32 

2*2 

44 

32 

G4 


Woijrhl ot 

Urlativi* 

Owm*u hi 

Wit. ' lit of 

linuu- 

<)\,\:-.tii in 


(Lain- 

Anal vms). 

Molecule. 

16 

1 

16 

1 

32 

2 

32 

2 

32 

2 


These results, and similar ones obtained by studying 
many other compounds of oxygen, show that the smallest 
weight of oxygen in the gram-molecule of any oxygen com- 
pound is 16 (or more correctly 15 '88); hence, as the equina- 
lent of oxygen is 7 '94, the atomic weight of the element is 
Ex 2 = 15-88. 

The exact value for the atomic weight of an clement is 
alpxtys obtained from the equivalent. The determination of 
th© density of a gas or vapour with great accuracy is a very 
troublesome and difficult task, and if the atomic weight were 
based directly on such determinations, its value might be very 
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inaccurate owing to experimental error.* The equivalent, on 
the other hand, can he ascertained very accurately by the 
analysis of some suitable compound of the element, and then, 
knowing the approximate value of the* atomic weight from 
the density determinations, the exact value is obtained by 
multiplying the "equivalent by the factor inTlicatcd.t 

The results contained in the above tabic also show that the 
mofrrttfa of oxygen consists of tint atoms, so that its molecu- 
lar weight is 32 (31*76). In a similar manner it is found 
that the molecules of chlorhw, nilroynt , and of several other 
elements consist of two atoms. The molecules of some elements 
contain only one atom ; those of others contain three, four, or 
more, «s will la* shown later. • 9 

Duloxg and Petit’s Law. 

The method of determining atomic weights, based on the 
above principles, is only possible when the element forms a 
large number of gaseous or volatile compounds. Xow by far 
the greater number of the elements arc metals, and metals, as 
a rule, do not give many readily volatile compounds ; their 
oxides, for example, cannot- be converted into vapours, and of 
their simple derivatives only a few chlorides are volatile at 
high temperatures. Fortunately a very important method is 
known by which the atomic weights of such elements may be 
determined. 

In times gone by, before the great importance of Avogadro’s 
hypothesis was recognised, chemists gave arbitrary values to n 
in the expression At. Wt. ~ ?«E (compare p. 185), and thus 
obtained values for the atomic weights which might or might 
not be the true ones. 

* For the sake of simplicity many of the values for tlie absolute and 
relative weights of the gases given in the preceding tables are expressed 
in whole numbers. 

f There is another reason why the atomic weight is not based directly on 
the density, namely, that the densities of gases are not exactly proportional 
to their molecular weights. 
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In 1818 Dulong and Petit discovered a most important 
connection between the specific heats * of the solid elements 
and tlneir supposed or probable atomic weights, namely, that 
the specific heat x the probable atomic weight was approxi- 
mately a constant, varying from about 6 to 7 (average value, 
6*4) ; t in other words, the specific heat of a ‘solid element is 
inversely proportional (approximately) to its atomic weight. 
Some data illustrating this discovery are given in the table : 


j 8pccilie Ileal. 

Atomic Weight. 

Specific Heat 

X Atomic Wright. 

Sifver . 



0 056 

1071 

6 0 

I rpn 



0*11 

55*5 

6 1 

•Zinc . 



0*004 

64*9 

6*1 

Copper 



O'OifcJ 

6.31 

5*8 

Lead . 



0-031 

205*4 

6*4 


This fact could be accounted for by supposing that all 
atoms have the same capaciitj fur heat , because the numbers 
of the atoms in equal weights of different elements are in- 
versely proportional to the atomic weights of the elements. 

This generalisation, the law of Dulong and Petit, may 
now be used to fix the approximate atomic weight of an 
element. The specific heat is determined experimentally, and 
the ‘constant’ 64 is divided by the value thus obtained. 
The result shows the approximate atomic weight only; hut as 
At. Wt. = wE, the value of n is thus determined, and the 
exact atomic weight is then obtained from the equivalent. 

For example, the equivalents of lead are 5]-,3 and 102*6; 

the specific heat of lead is 0 031. Now 0 -(). 3 l -= 206' ’4, so 

that n = 4 or 2 ; hence the atomic weight of lead is 51*3 x 4 
or 102*6 x 2, namely, 205*2. 

* The specific heat of a substance is the quantity of licat required to raise 
its temperature from 4° to 5° C. f compan d with that required to raise the 
temperature of an equal weight of water from 4° to 5® CL 
t This product is called the atomie heat. 
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CHAPTER XXIII. 

Empirical and Molecular Formulae. 

From their equivalents, by applying Avogadro’s hypothesis 


and the law of Dulong 

and Petit.,’ the atomic 

weights of 

nearly 

all the elements 

have 

been 

carefully detennined ; tl 

lose of 

some of the hetter-known elements, together 

with their 

names 

and symbols, are 

given 

in the following tahl 

tj : 


Name. j 

Sym- 

bol. 

Atomic 

Weight. 

i 

| Name. 

I 

Col. 

Weight 

Aluminium 

A1 

20 9 

! 

Manganese 

Mn 

54 (i 

Argon . ! 

A 

39*6 

Mercury 

Hg 4 

198-5 

Barium . ; 

Ba 

138-4 

Niliogen 

N 

13-9 

Bromine 

Br 

79 4 

Oxygen . 

() 

15-0 

Calcium ; 

Ca 

397 

Phosphorus 

P 

30 -S 

Carbon . 

C 

11 9 

| Potassium 

K 4 

38*9 

Chlorine ! 

Cl 

35-2 

j Silicon . 

Si 

£8-2 

Copper . j 

Cn 1 

63*1 

Silver . 

Ag° 

107*1 

Hydrogen . 

H 

1*0 

; Sodium . 

Na? 

22-9 

Iron . 

IV- 

5.V5 

j Sulphur . 

S 

81-8 

Lead . ■ 

Pb 3 

205-4 

! Tin 

Sn 8 

118-1 

Magnesium 

l 

Mg * 

24 ‘2 

j Zinc 

Zn 

64*9 

1 Cuprum. a Kerruin. 

3 Plunibritn. 4 Hydrargj 

'rum. 8 Kalinin. 


<* Argentum. 7 Natrium. * Stannum. 

The composition by weight of a given compound being 
known, and also the atomic weights of the elements which 
are contained in it, is it possible to assign a formula (p. 184) 
to that compound ? 

Consider a simple case. The composition of hydrogen 
chloride is known, and also the atomic weights of hydro- 
gen (1) and of chlorine (35*2). What is the formula 
of hydrogen chloride ; that is to say, how many atoms of 
hydrogen and of chlorine are contained in the molecule of 
this compound? The composition of hydrogen chloride is 
H=2’76, Cl = 97*24 per cent. As the chlorine atom is 35*2 
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times heavier Ilian tlic hydrogen atom, if the percentage 
values are divided hy the respective atomic weights the 
quotients express the ratio of the atoms in the compound, 
and therefore in Iho jnnlecule, 

11 - 2 76 h- 1 — 2*76 
€ C1 - 97*2 1 - .*35 *2 - 2-76. * 

As this ratio must he expressed hy whole numbers (portions 
of atoms do not enter into chemical change), it is simplified 
(hy dividing by the greatest common factor ), and thus becomes 
1:1. The simplest formula 'which would express the com- 
position of hydrogen chloride, therefore, is 1IC1 ; such a 
fonyuln, which merely shows the, red to of the atoms in the 
nlolocule, is termed an empirical formula (F.F.). l»ut the 
coni] >om lion of hydrogen chloride would also ho expressed by 
the formula 1I ;1 C1 : , or (11C1)„, where v is any whole 

number. How, then, is it possible to decide which of these 
formulae represents the molecule of hydrogen chloride? J>y 
determining the molecular irciyht of hydrogen chloride. 

Since the density of the gas is 18*1, its molecular weight is 
36*2, and therefore the formula of its 'molecule must he 3 101, 
because 1 + 35*2 — 36*2. This formula, which expresses not 
only the ratio hut also the actual numbers of the atoms of 
every element in the molecule, is called a molecular formula 
(M.F.), whether it is that of ail element or of a compound. 

When molecules of hydrogen chloride are formed, experi- 
ment shows that one volume of hydrogen combines with one 
volume of chlorine to give lira volumes of hydrogen chloride* 
As it was o n facts such as this tlmt Avogadro’s hypothesis 
was based, it may now he well to consider whether the con- 
clusions drawn from this hypothesis are in agreement with the 
above fact. The conclusions are that the molecules of hydro- 
gen, H a (and of chlorine, CL, p. 199), contain two atoms of the 
element, and that the molecule of hydrogen chloride is HCl ; 
the hypothesis is that equal volumes of these three gases con- 
tain, equal numbers of molecules. Now suppose a litre of 
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hydrogen contains x molecules (II 2 ) ; then a litre of chlorine 
contains x molecules (Cl 2 ), ami a litre of liydrogren chloride 
also contains x molecules (11C1). But since every lfydrogen 
molecule, also every chlorine molecule, contains tiro atoms, 
and e.very hydrogen chloride molecule only one atom, of each 
element, x molecules of hydrogen and x nloleciiles of chlorine 
must give '2s molecules of hydrogen chloride. Further, 
since x molecules occupy one litre, 2x molecules occupy 
two litres ; that is to say, the volume of the hydrogen chloride 
is double, that of the hydrogen or that of the chlorine — a con- 
clusion in accordance with the fact. 

Consider next the case of water. Its composition is £nown 
to he II — 11*2, O = «SS-8 per cent., and the atomic weighty of 
hydrogen and oxygen arc 1 and 15-88 respectively. What is 
the molecular formula of water? The empirical formula is first 
obtained by dividing the percentage values by the atomic 
weights of the respective elements, and then bringing the 
ratio to whole numbers, 

1 1*2 [percentage of hydrogen] 4- 1 =11 -2, and 1 1 *2 -4 5-6 = 2 

88*8 [percentage of oxygon] -f- 15*9 ~ 5*6, and 5*6 -*• 5*6 — 1. 

The empirical formula is thus found to he TT 2 0, so that 
the molecular formula is (!!.,()),„ where n equals a whole 
number. But the density of water vapour is 8*9-1 ; therefore 
the molecular weight is 17*88, and the molecular formula 
must be 1I 2 0(1 + 1 + 15-88). 

When two volumes of hydrogen, TI. 2 , and one volume of 
oxygen, O t> , unite, the result is two volumes of water, H 2 0, 
in the state, of vapour. As by Avogadro’s hypothesis equal 
volumes of these throe substances contain the same number 
(.c) of molecules, if the molecular formula of water is H 2 0, 
the volume of the water vapour must be the. mute as that of 
the hydrogen but double that of the oxygen, because for every 
molecule of water one molecule of hydrogen is required, 
whereas one molecule of oxygen suffices for the production of 
two molecules of w^ter. In this case also the conclusions 
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which have been based on Avogadro’s law are in agreement 
.with the facts. 

These examples show how molecular formulas are deter- 
mined.* The composition of a compound and the atomic 
weights of the elements contained in it being known, the 
empirical formula iv> easily obtained. The mcfiecular formula, 
however, remains unknown until the molecular weight of the 
substance lias been determined from the density (or otherwise).! 

As already stated (p. 198), the determination of the density 
is often attended by a considerable experimental error. This, 
however, is of very little importance, because the value, for 
the fholecular weight which is obtained from tins density 
merely shows clearly what multiple of the empirical formula 
must be used in the expression W.F. - (E.F.)„. The r.rart 
value for the molecular wcajhl is then obtained by adding 
together the atomic weights of all the atoms in the molecule. 
Thus, if the density of water vapour were found to be 8*8 or 
8*7, the molecular weight of water would not be taken as 
17*6 or 17*4 ; this value merely shows that the value of n in 
the expression M.F. = (H„0) /t is 1. The exact molecular 
weight of water, therefore, is 1 + 1 + 15*88 = 17*88. 

Equations. 

When the molecular formula 1 of all the elements or com- 
pounds which take part in a given chemical change are 
known, and also the molecular formula of the product or 
products, the change may be represented both qualitatively 
and quantitatively in a very concise and complete maimer. 

Jf, for example, the combination of hydrogen and chlorine 
to form hydrogen chloride is expressed by, 

Ilg + Ch, - 21 1 Cl, 

* As an exercise, the molecular formula; of carbon dioxide (p. 02) and of 
carbon monoxide (p. 120) respectively should be deduced from the data 
already given. 

f Other methods for the determination of molecular weight will be de- 
scribed later. 
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where H stands for one atom of hydrogen and Cl for one 
atom of chlorine, the following facts are summarised : The 
molecule of hydrogen consists of two atoms ; the molecule of 
chlorine consists of two atoms ; two ryolecules of hydrogen 
chloride are formed from one molecule of hydrogen and one 
molecule of chorine, and the molecule of this compound con- 
sists of one atom of each of the elements. Further, since the 
atomic weight of hydrogen is 1, and that of chlorine is 35*2, 
the expression shows that 1+1 parts by weight of hydrogen 
combine with 35*2 + 35*2 parts by weight of chlorine to form 
2(1 + 35*2) parts by weight of hydrogen chloride; the com- 
position of hydrogen chloride by weight, therefore, is also 
given. Further, since equal volumes of all gases Cfyitain 
equal numbers of molecules, if one molecule of a gas, fay 
hydrogen, occupies a certain volume, one molecule of every 
other gas occupies the same volume ; lienee the above 
expression also shows that one volume of hydrogen com- 
bines with one volume of chlorine to form two volumes 
of hydrogen chloride. Further, since one gram -molecule of 
any gas occupies 22*25 litres at N.T.P., the above expres- 
sion gives the aefnal as well as the relative volumes of the 
gases if the atomic weights arc taken also as representing 
weights in grams. Since in every chemical change the 
sum of the weights of the original substances is equal 
to the sum of the weights of the products, the above ex- 
pression is called an equation. 

The equation representing the formation of water from its 
elements is written, 

21 1., + ( ).» = 2H 3 0, 

and this equation shows that two molecules of hydrogen and 
one molecule of oxygen form two molecules of water; also 
that 2(1 + 1) parts by weight of hydrogen combine with 
15*88 x 2 parts by weight of oxygen to form 2(2 + 15*88) parts 
by weight of water ; also that two volumes of hydrogen com- 
bine with one volume of oxygen to form two volumes of 
water vapour (compare p. 189). The actual volumes of the 



206 EMPIRICAL AND MOLECULAR FORMULAS. 


different gases are also given if the atomic weights are taken 
as representing weights in grams ; that is to say, 2 x 22*25 
litres oj hydrogen combine with 22*25 litres of oxygen to 
form 2 x 22*25 litres qf water vapour. 

Valency. — before giving further examples of equations it 
may be pointed oui, that atoms of different elements do not 
always or even generally combine together in the simple ratio 
of 1 : 1 ; thus, although one atom of chlorine combines with 
one atom of hydrogen to form 1 101, one atom of oxygen com- 
bines with ftm atoms of hydrogen to form ][„(), one atom of 
nitrogen combines with /Jure atoms of hydrogen to form H ;J N 
(amnfonia), and one atom of carbon combines with four atoms 
of hydrogen to form H 4 G (methane). Again, one atom of 
silver unites with one atom of chlorine to form AgGl (silver 
chloride), whereas one atom of calcium, zinc, or lead combines 
with Uco atoms of chlorine, forming the chloride CaCh, ZnCl 2 , 
or PbCl.„ as the case may be ; one atom of aluminium com- 
bines with three atoms of chlorine, and one atom of carbon 
with four. 

Now if one atom of hydrogen or one atom of chlorine is 
taken as a measure of what may he called this atom-fixing 
capacity or valency of an element, then it is possible to class 
the elements as nni- hi- /«/- or quart ri-v ale, lit, according as the 
atom of that element combines with or lixes one, two, three, 
or four of the standard atoms. When this is done with some 
of the commoner elements the following list is obtained : 


Univalent. 

ISiv.ilfiit. 

Ten iilcnl. 

tyuiflri valent. 



Hydrogen, H 

Oxygen, 0 

Aluminium, A1 

Carlton, C 

Chlorine. Cl 

Sulphur, S 

Nitioiren. JV 

Silicon, Si 

Sodium, Nn 

Mntritosium, Mg 

Phosphorus, P 

Lewi, l’l* 

Potassium, K 
Silver, Ag 

. i 

Calcium, Ca 

Zinc, Zn 

Lead, PL 

Copper, Cu 
Mercury, lit; 
Mani'nne.-e, Mn 
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According to this idea, when two univalent elements 
combine together they do so atom to atom, forming com- 
pounds such as TIC1, AgCl, JTaCl, KC1; oi/n atom of a 
bivalent element combines with two ^toms of a univalent 
element, forming compounds such as TI 2 0, JL>S, CaCl 2 , 
Ag a (), hut with only one/ atom of another bivalent ele- 
ment, forming compounds such as Cut ), ]WgO, 1*1)8; one 
atom of a quadrivalent element combines with two atoms 
of a bivalent clement, forming compounds such as C0 2 ; 
and so on. 

This brief reference to the subject of valency is merely in- 
tended to assist the studeijfc in remembering particular for- 
nmhe and in writing equations. The valencies of the elements 
contained in a given compound or taking part in a chemical 
change being known, it is often possible to check such iornnth© 
and equations and to avoid mistakes. If it is kept in mind, 
for example, that chlorine is univalent and calcium bivalent, 
the formula of calcium chloride could he correctly written 
CaCl 2 , and incorrect formula* such as Cad, Ca 2 Cl, CaCl s 
could be avoided. It must he pointed out, however, that the 
valency of an clement is not constant. Thus copper is 
bivalent in cupric oxide, CuO, univalent in cuprous oxide, 
Cu 2 0 (compare pp. 177, 178) ; nitrogen and phosphorus may be 
either tervalent or quinquevalent (NIL, PCL, NJI 4 C1, PC1 5 ) ; 
lead is bivalent in somo of * its compounds (Pb<), PbCl 9 ), 
quadrivalent in others (PhO L ,); sulphur is bivalent (SH 2 ), 
quadrivalent* (SO.,), or sexvalent (S0 3 ). It may also be noted 
that the valency of an element cannot, as a rule, he deduced 
by considering the molecular formula of a compound which 
consists of more than two elements; thus the formula of 
calcium carbonate, CaC0 2 , and that of potassium chlorate, 
KXJIOjj, give no direct information .as to the valency of any 
of the elements in the compounds. 

The eqijihtions of some of the more important reactions 
already described may now be considered. 

The combination of copper and oxygen to form' cupric 
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oxide, of lead and oxygen to form litharge, and of mercury and 
oxygen to form mercuric oxide, are expressed by the equations, 

‘ 2Cu + 0» = 2Cu0, 2Pb + () 2 = 2PbO f 

afid 21Tg + 0 2 = 2HgO “ 

respectively, and .those elements are all bivalent in these 
compounds. 

The combination of litharge and oxygen to form red lead, 
and the reverse reaction, the decomposition of red lead 
* (p. 81), are expressed by, 

6 PI ><_) + ( ), < — > 2Pb s 0 4 . 

TJie decomposition of calcium carbonate into carbon dioxide 
afid calcium oxide, and the combination of calcium oxide and 
water, are written respectively, 

CaCO s = C0 2 + CaC) and CaO + H,0 = Ca(( )H) 2 . 

The use of brackets in tbe last case to express the fact that 
the molecule of calcium hydroxide contains two atoms of 
hydrogen and two atoms of oxygen is an alternative way 
of writing the formula Ca0 3 IJ 2 (compare p. 250). 

The reaction which occurs in the formation of carbon 
dioxide from calcium carbonate and hydrochloric acid (p. 62) 
is written, 

CaC0 3 + 2HC1 = OaCL, + VA K + H a O. 

As it is known that calcium is bivalent and chlorine univalent, 
even it* the equation could not be recalled to mind, it would 
be obvious that tiro molecules of hydrogen chloride are re- 
quired to decompose one molecule of calcium carbonate. 

The decomposition of potassium chlorate (p. 82) is ex- 
pressed by, 

2KC10 3 — 2KC1 + 30 2 . 

'Hie molecule of potassium chlorate, as shown, is composed of 
one atom of potassium, one atom of chlorine, and three atoms 
of oxygen. 

The formulae of the oxides of phosphorus, magnesium, and 
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iron (which are produced on burning the elements in oxygen, 
p. 84) are P 2 0 5 , MgO, and V e 8 0 4 respectively. 

The formation of hydrogen from hydrogen •chloride and 
zinc is expressed thus, # 

2HCi + Zn = ir s + ZnCl a ; 

• " • 

and similar reactions occur with magnesium (Mg) and iron 
(Fe), both of which are bivalent in* this change. 

The formation of water from copper oxide and hydrogen 
(CuO + Hjj-HgO + Cu), and the reversible reaction between 

water and iron (41I 2 0 4- 3Fe < >- Fo s 0 4 4- 41I 2 ), are important 

changes (pp. 105 and 10(5). m 

The double, decompositions studied in the cj:se of hydrogen 
chloride (p. 146) are expressed as follows, • 

2HCl+CuO = CuCl., + H,0 
2HC1 + rbO = PbClo + iy ) 

2HC1 + HgO = UgCf 2 + iy ) ; 

but in the formation of silver chloride from silver oxide and 
hydrogen chloride (p. 148) the equation is rather different, 
owing to the fact that silver is univalent, 

2HC1 + Ag.,0 - 2 AgCl + H 2 0. 

The action of hydrochloric acid on manganese dioxide 
(p. 140) is not a double decomposition, as three products are 
formed, namely, manganese chloride, chlorine, and water, 

Mii 0 2 + 4HC1 MnCl,> + Cl 2 + 2H,0. 

Many further examples of equations are given later. 

As all equations are based on quantitative experiments, and 
express in a concise form, in terms of the atomic theory, the 
results of such experiments, it is absolutely unnecessary to 
commit to memory the relative weights or volumes of substances 
which take part in any change. These data are all given by 
the equation of the reaction, and can be calculated from it. 

Thus, suppose it is required to know the weight of copper 
oxide which would be obtained from 100 g. of copper, and 

Inofg. N 
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the equation of the reaction is known (p. 208), then, since 

2Cu = 63*1x2 and 2CuO - 2(63-1 + 15*88), it follows that 

63*1 g* of copper give 78*98 g. of oxido, and consequently 

iao • ,78*98x 100 1oro , . «v 

100 g. of copper give* = 125*2 g. (compare* p. 49). 

Again, what weight of water would be obtained by burning ■ 
10 g. of hydrogen? Since 2H* = 2x2 and 211./) - 2(2 + 15*88), , 
it is known that 2 g. of hydrogen give 17*88 g. of water, and 
the required answer is 89*4 g. 

Again, what weight of oxygen would be obtained, and how 
much potassium chloride would remain, if 150 g. of potassium 
chlorate are decomposed (p. 208) ? Since KCK ) 3 = 38*9 -f 35*2 
+ (3.x 15*88), 2KCU>«- 243*5 and 31L = 95*3. Hence the 

c . . . 150x95*3 

weight of oxygen is 


2KC1 = 2(38*9 4- 35*2), and the weight of potassium chloride, 

. . 150x 74*1 x2 

therefore, is ^43-^ . 

In calculating the volume of any gaseous substance from its 

weight, it is merely necessary to remember that the gram- 

molecule (the molecular weight in grams) occupies 22*25 litres 

at N.T.P. Thus, in order to iind the volume of oxygen at 

N.T.P. obtained from 150 g. of potassium chlorate, 30., is 

now taken as 3 x 22*25 litres ; the required volume, there- 

x . 150 x 66*75 
fore, is litres. 

243*5 


In calculating the weigh! of any gas from its volume , it is 
only necessary to remember that the weight of a litre of any 
gas at N.T.P. is 0*09 g. xl); that is to say, the weight of a 

M.W 

litre of hydrogen x the density of the gas, and 1)= ’ - 

2k 

Thus the weight of a litre of chlorine, Cl 2 , at N.T.P. is 
70*4 

0*09 g. x — and that of a litre of hydrogen chloride, HC1, 
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Tho weight in grams of a litre of any gas at N.T.pT is also 
obtained by dividing the molecular weight of the gad by 


22 - 25 . 


. CHAPTER XXIV. 

Sulphur and Hydrogen Sulphide. 

In certain volcanic regions, notably in Sicily, a yellow 
crystalline ‘ mineral * is found in large beds or deposits, mixed 
more or less with limestone, gypsum, and other earthy 
matter. This yellow mineral is combustible, a most unusual 
property for a ‘mineral,’ and from very early times it attracted 
the attention of the alchemists, who called it brenne-stoiTe or 
brimstone. The yellow crystals of brimstone consist of an 
element now known as sulphur, which melts, and then boils, 
when it is sufficiently heated. These properties are made 
use of in ‘ extracting ; or separating sulphur from the earthy 
materials with which it occurs in nature. 

For this purpose the sulphur 1 ore * is made into heaps in 
shallow pits dug in the ground, and the sulphur is fired 
(ignited). The heat produced by slowly burning some of the 
sulphur in the material melts most of the remainder, which 
then collects at the bottom of the pit. This sulphur is 
impure, and is distilled from an iron retort. The vapour is 
condensed in brick chambers, where it collects 
ns a fine yellow crystalline powder (sulphur 
snow), called flowers of snlplun\ or as a 
liquid (when the chamber gets hot), which 
is afterwards run into cylindrical moulds 
(roll sulphur). 

Sulphur is insoluble in water, but readily 
soluble in carbon disulphide, and when the 
filtered solution is evaporated slowly the 
• element is deposited in transparent, amber-yellow rhombic 
(octahedral) crystals (fig. 68), which have a specific gravity 



Fig. 68. 
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of 2’0'f and melt at 114*5°. The liquid obtained by heat- 
ing pure sulphur just above its melting-point is of a pale, 
amber-yellow colour and quite mobile or fluid ; but when it 
is gradually heated thq colour darkens, and the yellowish-red 
liquid suddenly becomes so thick or viscous that it can hardly 
be poured. On being further heated, the liquid becomes a 
dark, brownish-red colour and more mobile, and finally begins 
to boil (at 448*4°), changing into a dark orange vapour which 
generally takes fire on coming into free contact with the air. 
When it cools, these changes in state, fluidity, and colour 
are reversed, until the pale, amber-yellow, mobile liquid is 
obtained again. This liquid, when further cooled, passes 
into a c yellow or brownish-yellow crystalline solid, which 
might certainly be mistaken for ordinary (rhombic) sulphur. 
If, however, the specific jtroperties of this yellow solid were 
examined it is possible that it would be found to have a 
melting-point of 120° (instead of 114*5°) and a specific gravity 
of 1*96 (instead of 2*07) ; that is to say, its specific properties 
would be different from those of * ordinary * sulphur. 

Now careful observations have shown that one of two 
different solid substances may be obtained by cooling pure 
melted sulphur. When the liquid is cooled very quickly, so 
that the solid is produced below 96°, octahedral crystals of 
ordinary sulphur are obtained ; but when the liquid is kept 
above 96° crystals of a different form (monoclinic), different 
melting-point (120°), and different specific gravity (1*96) are 
produced. This second form or variety of sulphur is gene- 
rally prepared by melting sulphur in a deep basin and 
allowing the liquid to cool slowly until a crust has formed at 
the surface. This crust is then pierced, . and the sulphur 
which is still liquid is poured off ; on removing the crust long, 
brownish-yellow, transparent crystals of monoclinic sulphur 
are exposed. These crystals have been formed above 96°; 
they have the specific properties already given; but when 
kept at ordinary temperatures, even in a stoppered bottle, , 
they gradually become opaque and break up into (aggregates 
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of) very small octahedral crystals, identical in specilic pro- 
perties with those of ordinary sulphur. Conversely, when 
crystals of rhombic sulphur are kept above 36° (byt below 
their melting-point) 
they gradually break 
up into aggregates 
of monoclinic crystals 
(m.p. 120°). 

When commercial 
sulphur (which con- 
tains traces of im- 
purities) is heated 
in a short-necked re- 
tort, and the boiling 
liquid sulphur which 
distils over is allowed 
to flow into water 
(fig. 69), so that it 
is suddenly cooled, it 
changes into a yellow- 
ish plastic or elastic 
substance of specific 
gravity 1*95, quite dif- 
ferent from ordinary sulphur in outward properties. When 
kept for some days this plastic sulphur becomes hard and 
brittle ; it has changed into masses of rhombic crystals 
(ordinary sulphur). 

When plastic sulphur is treated with carbon disulphide only a 
part of it dissolves, leaving a pale-yellow insoluble powder, which 
must, of course, be different from ordinary sulphur. Hence plastic 
sulphur is a mixture , and the insoluble portion is called amoipkotis 
sulphur ; from the solution rhombic sulphur is obtained. Flowers 
of sulphur contain a small proportion of amorphous sulphur. 
Amorphous sulphur is also present in the sulphur obtained from 
some of its compounds by precipitation. This form only changes 
into ordinary rhombic sulphur iu the course of years, unless it is 
heated. 



Fig. 6ft 
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Dimorphism . — It can be proved experimentally that the 
different forms of sulphur described above consist of the same 
matter ; m when» any one of these forms (rhombic, mono- 
clinic, or plastic) is ligated (out of contact with the air) it 
melts and gives liquid sulphur, from which ordinary rhombic 
sulphur is ultimately obtained. No change in weight, no 
gain or loss of matter, accompanies the conversion of one 
form into the other. The sulphur is not decomposed, and 
it does not combine with anything. Now the change solid 
sulphur < — > liquid sulphur is merely a change in state, a 
physical change ; the change of plastic or of nionoclinic into 
rhombic sulphur, or the reverse change, may be similarly 
regarded. 

Many substances, elements as well as compounds, resemble 
sulphur in forming two or more crystalline mollifications or 
varieties, which differ more or less in all physical properties, 
as, for example, in melting-point and specific gravity, but 
which nevertheless are identical in composition. It may 
be supposed, therefore, that the difference between the 
various modifications is due to a difference in the arrange- 
ment of the particles of the substance in the crystal (com- 
pare footnote, p. 75). A substance such as sulphur or 
calcium carbonate which shows this behaviour is said to 
be dimorphous or polymorphous as the case may be. The 
different crystalline forms are produced at different tem- 
peratures and pressures, and as a rule each is permanent or 
stable only between certain limits of temperature and pres- 
sure \ in that case one changes into the other when the con- 
ditions are so altered that it becomes unstable . Sometimes 
this change occurs very slowly, but it is generally hastened 
by rubbing, or by adding a crystal of the form which is going 
to be produced. 

On comparing the behaviour of the element carbon with 
that of sulphur a close resemblance is brought to light ; both 
exist in two crystalline varieties or modifications,* and also in 
a third form which has not a definite crystalline structure. 
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The principal differences between the two cases are that 
whereas the various forms of sulphur pass into one another 
at temperatures easily reached, and only one of the forms is 
permanent (stable) at ordinary temperatures, grapllite and 
diamond and charcoal are not changed except at extremely 
high temperatures. 

When au element, exists in two or more different forms 
which, like those of the element carbon, are more or less per- 
manent under ordinary conditions, they are sometimes called 
allotrojyic forma; when, however, the different forms are 
easily changed into one another and are similar in chemi- 
cal properties, they are usually termed ]>hysical forms or 
modifications. 

Although the element sulphur, like the element cftrljpn, 
thus occurs in forms which differ in specific properties, the 
property of changing in a fixed manner under lixed con- 
ditions is itself a very characteristic specific property of that 
variety of matter which is called sulphur. 

Sulphur combines directly with many other elements. 
When merely placed in chlorine it is converted into chloride 
of sulphur ; when heated in the air or in oxygen it takes fire 
ami burns with a pale-blue flame, forming sulphur dioxide 
(p. 229). It also combines with most of the metals, forming 
compounds which are called sulphides. Thus when mercury 
ami sulphur are well rubbed together mercury sulphide is 
formed. When a mixture of iron powder or filings and 
sulphur is heated gently, combination takes place rapidly 
with development of heat; the product, iron sulphide ftr 
ferrous sulphide, FeS, a black solid, is generally impure, 
even when equivalent quantities of the elements are used, 
and contains either free sulphur or free iron. When sulphur 
is heated to boiling in a. tube, and a roll of copper gauze is 
plunged into its vapour, the gauze glows brightly and a black 
solid, cuprous sulphide, Cu. 2 S, is formed. 

Sulphur is used in the manufacture of gunpowder, fire- 
works, matches, and vulcanite; also in the manufacture of 
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sulphur compounds such as carbon disulphide.* Further, it 
is, used to destroy fungi in vineyards, &c. 

• * Hydrogen Sulphide. 

Sulphur and hydrogen do not combine at ordinary tempera- 
tures, but when sulphur is heated at about 3J0° in a closed 
tube filled with hydrogen the elements unite very slowly to 
form a disagreeably smelling gas, hydrogen sulphide. This 
gas occurs dissolved in some natural waters, such as those of 
Harrogate and elsewhere ; it is also formed when animal 
matter, such as albumen, undergoes putrefaction, the smell 
of rotyen eggs being partly due to the gas. 

Hydrogen sulphide, mixed with hydrogen and other im- 
purities, may be prepared from ferrous sulphide (p. 215) and 
diluted hydrochloric acid (or sulphuric acid). Small lumps of 
ferrous sulphide, covered with water and placed in a bottle 
or flask provided with thistle funnel and delivery-tube, as in 
fig. 21 (p. 66), are treated with a little concentrated hydro- 
chloric acid.t Effervescence sets in, and the characteristic 
smell of hydrogen sulphide is soon recognised, 

FcS + 2HC1 - FeCl 2 + SII 2 . 

The gas is rather readily soluble in cold, but may be collected 
over hot, water; it is slightly heavier than air (D=17), and 
may also be collected by displacing air upwards. It may be 
dried by passing it through tubes containing phosphorus 
pentoxide as it is decomposed by calcium chloride and by 
strong sulphuric acid. 

Hydrogen sulphide is colourless ; it burns in the air with a 
pale-blue flame, and a burning taper plunged into the gas is 
immediately extinguished. The inside of a glass cylinder in 
which the gas is burnt becomes covered with a pale-yellow 
film, which can be proved to he sulphur. A burning jet of 

* Carbon disulphide, CS 2 , is manufactured by passing sulphur vapour 
over strongly heated carbon. It is a colourless liquid (b.p. 40°), and is 
highly inflammable, 
f Compare footnote f, p. 62. 
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the gas does not give a deposit of sulphur when a dry Jar is 
held above the flame, but moisture condenses on the jar, and 
the strong smell of sulphur dioxide (p. 229) is# recognised ; 
hence hydrogen sulphide is a coni pound containing hydrogen 
and- sulphur. When a cold object is moved slowly through a 
burning jet of t)je gas a film of sulphur i$ deposited on it. 
This liehaviour is like that of some compounds of hydrogen 
and carbon (p. 133). At the temperature of its flame the 
hydrogen sulphide is decomposed, and in a plentiful supply 
of oxygen both the elements contained in it are finally con- 
verted into oxides, but when the air-supply is limited or the 
flame is cooled, the liberated sulphur is obtained in the &ee 
state. The flame is non-luminous because the sulphur is^ in 
the state of vapour (p. 133). • 

That hydrogen sulphide is very easily decomposed is proved 
by passing it through a glass tube which is heated gentlj 
with a Bunsen-flame ; a deposit of sulphur is then obtained 
beyond the heated portion of the tube, and the escaping 
hydrogen may be ignited. 

A convenient form of apparatus in which a confined 
volume of a gas may be heated is the eudiometer shown in 
iig. 60 (p. 162). With suitable electrical apparatus sparks may 
be passed between the ends of the two wires, and the gas is 
thus strongly heated just at this particular spot. Owing to 
ditFusion and circulation, if the ‘sparking* is continued long* 
enough, the whole of the gas passes through this heuted 
region, but owing to radiation and conduction the bulk of it 
remains practically at atmospheric temperature. 

Now, when a given volume, say 20 c.c., of dry hydrogen 
sulphide is * sparked ' in this way for several hours, the gas 
is decomposed and a thin, pale-yellow deposit of sulphur is 
formed near the source of heat. The volume of the solid is 
so small in comparison with that of the hydrogen sulphide 
originally taken that it may ho neglected, and yet the volume 
of the gas (hydrogen) in the tube is the same as that of the 
original compound, if measured under the same conditions. 
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This is another illustration of Gay-Liusac’s law (compare p. 
191). Since from any volume of hydrogen sulphide an equal 
volume of .hydrogen is formed, and since equal volumes : 
contain equal numbers of molecules, there must be two atoms ■ 
of hydrogen in every molecule of hydrogen sulphide, because 
every molecule qf hydrogen contains two fitoms. Now the , 
density of hydrogen sulphide is 17, and therefore its molecular 
weight is 34 ; as it is known that the atomic weight of sulphur 
is 32, the molecular formula of hydrogen sulphide is thus 
found to be SH 0 , 

SJI, = 1I 2 + S 

« 1 vol. --- 1 vol. 

ft follows from Avogudro’s hypothesis that if a gaseous 
element is liberated by decomposing any compound gas, or if, 
by combination, a gaseous element is converted into a gaseous 
compound, and the volume remains ttuchanyetf, , the molecule 
of the element and that of the compound contain the same 
number of atoms of the gaseous element. Whether the 
whole of the hydrogen sulphide, or only a portion of it, is 
decomposed in the above experiment, the volume of the 
gaseous mixture remains constant, because every molecule of 
hydrogen sulphide gives one molecule of hydrogen. 

The solubility of hydrogen sulphide in water at 15° is 323 
, (at 0°, 437), but the gas is completely expelled when its 
solution is boiled. The solution has the odour of the gas, 
.and turns blue litmus red ; it acts on certain metals, with 
liberation of hydrogen and formation of a sulphide. 

The aqueous solution gradually becomes turbid, and gives 
a deposit of sulphur when it is kept, especially when exposed 
to air and sunlight ; this decomposition is caused by atmos- 
pheric oxygen dissolved in the water, 

2SHg + 0 2 = 2S + 2H a O. 

Hydrogen sulphide is a very important ^reagent/ and is 
used in obtaining many sulphides. 

A comparison of hydrogen sulphide with hydrogen chloride 



SULPHtJR AND HYDUOGEN SULPHIDE. 219 

brings out certain similarities in properties. Thus, although 
hydrogen chloride is more active or vigorous than hydrogert 
sulphide, the aqueous solution of the latter has •* acid ^ pro- 
perties, not unlike those of dilute hydrochloric acid. Hence 
hydrogen sulphide may also be called an acid . Now the 
hydrogen of hydrogen sulphide may be displaced by metals, 
by various methods described below. The compounds so 
formed, therefore, may be called ‘salts/ just as are the sub- 
stances produced from hydrogen chloride in a similar manner. 
These ‘ salts ’ of hydrogen sulphide are called sutyhides, and 
although most of them may be obtained (in an impure 
form) by merely heating a metal with sulphur (just* as 
chlorides may l>e obtained by heating a metal with chloride), 
they may nevertheless be regarded as derivative ts of hydrogert 
sulphide. 

Metallic Sulphides. 

When silver is left exposed to the air of a town, it gradually 
becomes coated with a brown or black substance ; this is silver 
sulphide , and its formation is due to the presence of traces of 
hydrogen sulphide in the atmosphere. 

Silver sulphide may he prepared in various ways, as, for 
example, hy heating silver with sulphur or in a stream of 
hydrogen sulphide ; it is also obtained as a black precipitate 
when a stream of hydrogen sulphide is passed through a solu- 
tion of silver nitrate. Its composition may be determined 
by taking a known weight of the metal, converting it into 
sulphide by one of these methods, and weighing the product ; 
its percentage composition is thus found to be, silver 87*1, 
sulphur 12 *9. The atomic weights of silver and of sulphur 
being known, the empirical formula is found to be Ag 2 S, 

87*1 [percentage of silver] 

- 107*1 =0*813 and 0 813- 0*406 = 2 

12*9 [percentage of sulphur] 

* "T“ 31*8 = 0*406 and 0*406-0*406 = 1. 

Many other metallic sulphides may be prepared by the 
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three methods mentioned above ; but the last onq — namely, 
by passing hydrogen sulphide through a solution of a ‘salt' 
of th$5 metal — is generally used where possible, because the 
precipitated sulphidp does not contain any free metal. When 
the solid metal itself is employed in preparing the sulphide, 
some of it may remain unchanged ; for tins reason a pure 
precipitated sulphide (antimony sulphide) is used instead of 
crude ferrous sulphide in preparing pure hydrogen sulphide. 

Lead sulphide, PbS, is obtained as a black precipitate 
when hydrogen sulphide is passed through a solution of lead 
chloride, 

* PbCl 2 + SH 2 = PbS + 2HC1 ; 

it if* insoluble in water and in hydrochloric acid. Mercuric 
Sulphide, HgS, and cupric sulphide y CuS,* are obtained as 
black precipitates on passing the gas through solutions of 
mercuric chloride, HgCh>, and cupric chloride, CuCl 2 , respec- 
tively ; they are both insoluble in water and in hydrochloric 
acid. 

When, on the other hand, hydrogen sulphide is passed 
through a solution of ferrous chloride, PcCl 2 , no precipitate is 
formed, although ferrous sulphide is insoluble in water (com- 
pare p. 149). The reason of this is that ferrous sulphide is 
chemically soluble in dilute hydrochloric acid (p. 216); and as 
hydrogen chloride must be formed if ferrous chloride ami 
hydrogen sulphide undergo double decomposition, it is im- 
possible for ferrous sulphide to exist under the given con- 
ditions. For similar reasons sulphide of zinc cannot be 
obtained by such a method. 

Many metallic sulphides occur in nature, sometimes in 
well-formed, pure crystals, but generally mixed with other 
sulphides and more or less earthy matter. Such ‘minerals' 
have been known from early times, and have received distinct 
names ; the metals are often extracted from them, and they 
are then called ‘ ores.' 

Galena is an important ore of lead ; it is found in black, 

* This compound in not identical with cuprous sulphide, CugS (p. 210). 
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lustrous crystals, and consists of lead sulphide, PbS, generally; 
mixed with a very small proportion of silver sulphide. 

Cinnabar is the principal ore of mercury, and Consists of 
mercuric sulphide, HgS ; it is dull red* in colour, and is 
volatile, and can be sublimed (p. 19) out of contact with the 
air. When the sublimate is crushed it gives a fine scarlet 
powder, which is called vermilion , and is used as a paint, in 
colouring sealing-wax, &c. Although vermilion is so different 
in appearance from mercuric sulphide prepared by precipita- 
tion (p. 220), the scarlet and black substances are identical in 
earn position . 

Iron pyrites, FeS^ occurs in golden-yellow crystals, and* is 
often seen in lumps of coal ; when left exposed to the atmds- 
pliere it is oxidised to ferrous sulphate (green vitriol, p. 226) 
and sulphuric acid. It is only very slowly acted on by 
hydrochloric acid, and in this respect particularly it differs 
from ferrous sulphide, FeS (p. 215). It is not an iron ‘ore/ 
but is used in the manufacture of sulphuric acid (p. 287). 

Zinc blcntle is a shining, yellow, brown, or black mineral 
which consists principally of zinc sulphide, ZnS, and is one 
of the important ores of zinc. Its brown or black appearance 
is due to the presence of sulphides of iron and other metals. 

The behaviour of metallic sulphides when they are heated 
in the air (roasted) is referred to later (p. 229). 


CHAPTER XXV. 

Hydrogen Sulphate, Sulphuric Acid, 
or Oil of Vitriol, and its Salts. 

The substance known as. sulphuric acid, which was first 
obtained by strongly heating green vitriol (p. 39), is now 
manufactured in very large quantities by two other processes 
(pp. 232, 287), and is a most important compound. 

The commercial acid, still called ‘ oil of vitriol/ is a rather 
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thick, oily liquid of sp. gr. about 1*8. When left exposed to 
the air it absorbs aqueous vapour from the Atmosphere, as it 
is very hygroscopic (p. 38) ; hence its use in drying various 
gases. When hearted in an open vessel on a water-bath it 
does not volatilise ; but at higher temperatures it distils, pass-' 
ing over between, say, 280° and 330°. As the commercial' 
acid has not a constant boiling-point, it may be inferred that 
it is a mixture or that it decomposes. If a ‘fraction* of the 
acid which distils at about 330° is collected separately and 
cooled sufficiently it deposits crystals ; and if these are melted 
and frozen again several times, the mother-liquor being sepa- 
rated after each operation, pure sulphuric acid or hydrogen 
c stilphate is obtained as a colourless solid, melting at 10° to 
a liquid of sp. gr. 1*84 at 1 1) . The pure acid fumes when it 
is heated, and begins to boil at about 290°, the boiling-point 
gradually rising to 330" ; this behaviour shows that hydrogen 
sulphate is decomposed when it is heated. 

Ordinary liquid sulphuric acid is a solution of the com- 
pound hydrogen sulphate in a little water, but the commercial 
acid also contains small quantities of had sulphate and other 
impurities. Sulphuric acid, unless very much diluted with 
water, causes severe burns when placed on the skin, and it 
attacks and decomposes most animal and vegetable compounds, 
turning them black and liberating carbon ; for example, when 
concentrated sulphuric acid is poured into a warm, saturated 
solution of cane-sugar, rapid charring occurs, the sugar being 
completely decomposed, principally into carbon and water. 

Sulphuric acid is miscible with water, the operation being 
accompanied by a great development of heat.* The volume 
of the 1 dilute * acid is less than the combined volumes of its 
components ; that is to say, a contraction has taken place. 
These facts seem to show that sulphuric acid combines with 
water and does not merely dissolve. 

Dilute sulphuric acid has a sour taste, and changes the 

* For this reason, in diluting the acid, the acid is always added slowly to 
the water, and not vice vend, as this might cause boiling and spirting. 
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colour of blue litmus to red. Pure sulphuric acid, and even 
the commercial acid, which may contain as much as 20 
per cent, of water, has .very little action on conftnon metals 
such as zinc, iron, copper, mercury, and* silver at ordinary 
temperatures ; but when heated with such metals a rapid 
action sets in, anfl a gas, sulphur dioxide, is'evolvcd (p. 229). 
When, however, the acid is mixed or diluted with several 
times its own volume of water, it acts on zinc, iron, and mag- 
nesium (but not on copper, mercury, or silver) at ordinary 
temperatures, giving hydrogen and a sulphate (see below) of 
the me taL It seems very extraordinary that mixing the acid 
with water should enable it to attack some metals at ordinary 
tern pern tnres, but it can lie proved that the liberated hydrogen 
really comes from the acid and not from the water (compare 
p. 225). The action of concentrated sulphuric acid on metals 
is described later (p. 230). 

Sulphates. 

When zinc, iron, or magnesium is placed in a given quan- 
tity of dilute sulphuric acid, the metal is rapidly attacked at 
first and hydrogen is evolved \ but if more of the metal is 
added from time to time, the action gradually slackens and at 
lust ceases altogether. As the metal now remains in the 
liquid without being attacked, it may be concluded that the 
solution no longer contains sulphuric acid. On filtering and 
concentrating such a solution, crystals are obtained. When 
the oxide of a metal is placed in a given quantity of dilute 
sulphuiic acid it dissolves chemically, but no evolution of 
hydrogen occurs. On more oxide being added from time to 
time the action finally ceases, because all the sulphuric acid 
has been changed. On filtering and concentrating such a 
solution, crystals are obtained. 

The crystals thus formed from a given metal and sulphuric 
acid are identical with those formed from the oxide of the 
metal, provided that in the case of a metal which forma more 
than one oxide one particular oxide is taken* 
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Now, since the metal liberates hydrogen as gas, but the 
oxide does not, if the corresponding results obtained with, 
hydrochloric acid (p. 146) are considered it may be presumed? 
(a) that sulphuric acid contains combined hydrogen, which* 
may bo displaced by a inetal, and (b) that when sulphuric'' 
acid acts on an o.tide the combined hydrogel! of the acid and 
the combined oxygen of the metallic oxide unite to form 
water — in fact, that double decomposition occurs (p. 147). 

The compounds thus formed by displacing ‘the combined 
hydrogen of the acid, hydrogen sulphate, by metals belong to 
the class of compounds called * salts/ and are grouped together 
as fne sulphates . 

Silver sulphate. — -When silver oxide is dissolved chemically 
in hot, dilute sulphuric acid and the concentrated solution 
is cooled, colourless crystals of silver sulphate are obtained. 
The same compound is formed when silver sulphide (p. 219) 
is gently heated in a stream of pure oxygen ; hence silver 
sulphate is a compound of silver, sulphur, and oxygen. 

The composition of silver sulphide being known, that 
of silver sulphate may be determined by converting a known 
weight of the sulphide into sulphate. For example, 10 g. of 
silver sulphide (known to contain 8 71 g. of silver and 1 '29 g. 
of sulphur, ]>. 219) give 12*58 g. of silver sulphate; lienee 
12*58 g. of silver sulphate arc composed of 8*71 g. of silver, 
1*29 g. of sulphur, and 2*58 g. of oxygon. These values being 
divided by the atomic weights of the respective elements, the 
empirical formula of silver sulphate is found to he Ag 2 S0 4 , 

8*71 [proportion of silver] 4-107*1 - 0*0813 
1*29 [proportion of sulphur] 4- 31*8 = 0*0406 
2*58 [proportion of oxygen] 4* 15*9 = 0*1624 
and 0*0813 : 0*0406 : 0*1624 as 2 : 1 : 4. 

Now, since silver sulphate is funned, together with water, 
from silver oxide and sulphuric acid (by double decomposi- 
tion), and since it is known that one atom of univalent silver 
displaces one atom of hydrogen (silver chloride has the formula 
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AgCl), the empirical formula of sulphuric acid (hydrogen sul- 
phate) is thus found to be H 2 S0 4 , • 

II 2 SC ) 4 + A g 2 < ) = Ag 2 S0 4 4- H 2 0. # • 

It can be proved by further experiment (but not by vapour- 
density determinations, because sulphuric acid decomposes 
when it is strdhgly heated, p. 222) that? this is also the 
molecular formula of sulphuric acid. ■ 

This is an example of indirect analysis. Hydrogen sulphate 
itself is not easily handled, as it is so hygroscopic. It cannot 
ho accurately analysed hy any simple, direct method ; there- 
fore its percentage composition and empirical formula are 
determined by analysing one of its * feriratives , the relation of 
which to hydrogen sulphate itself is known. The actioif qf 
dilute sulphuric acid on certain metals and their oxides is 
therefore expressed hy equations such as the following, 

'^n + H.,S0 4 = ZmS0 4 + H Q ; Mg 4- II,S0 4 - MgS0 4 + H 2 
ZnO + H 2 S() 4 = ZnS0 4 + fl.,0 ; MgO + H 2 Sf> 4 - MgS0 4 + H 2 0 
Ag 2 ( ) + TT 2 S0 4 = Ag 2 S0 4 + IIoO ; 

and it will be seen that one atom of the bivalent metals, zinc 
and magnesium, displaces two atoms of hydrogen, whereas the 
univalent silver atom only displaces one. 

Copper sulphate has already been mentioned several times 
(pp. 36, 46) ; it is a very important sulphate, and is used in 
large quantities in agriculture for killing moulds which grow 
on the vine and other plants. Although copper is not acted on 
by hot dilute sulphuric acid, it gradually dissolves chemically 
if air (oxygen) is blown through the liquid, and this fact is 
made use of in preparing blue vitriol on the large scale. 

The blue crystals (blue vitriol) obtained by evaporating 
the solution contain 36 07 per cent, of water of crystallisa- 
tion and 63 93 per cent. <?f cupric sulphate (p. 37) ; dividing 
these percentages by the molecular weights of water and 
cupric sulphate respectively, the results show that the crystals 
contain five molecules of water to every molecule of copper 
sulphate, 

IllOIg. 
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O 
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° 36-07 [percentage of H 2 0] * 18 * 2-004 

€ ' 63*93 [percentage of CuS0 4 ] -i- 1B9 -5 « 0*4008 

and 2-004: 0*4008 as 5:1. ; 

The composition of the blue crystals, therefore, is expressed! 
by the formula CuS0 4 , 5T1 2 0. \ 

In the case of, every substance which contains water of ^ 
hydration, not only is the proportion of the latter constant 
when the crystals have been formed under fixed conditions, 
but it is also such that the relative numbers of the molecules 
of the two compounds (water and anhydrous substance) may 
be expressed by some fairly simple ratio. Thus the com- 
position of hydrated crystals of calcium chloride is CaCl 2 , 
6H s O, and the highly hygroscopic character of anhydrous 
c&lcium chloride may be ascribed to its power of thus fixing i 
water. 

Ferrous sulphate, FeS0 4 , 7H 2 0 (green vitriol, p. 221), is 
prepared by dissolving scrap-iron in dilute sulphuric acid and 
then concentrating the solution until the salt crystallises out. 
The crystals are efflorescent (p. 38), and are used in dyeing, 
and in making black inks. 

Zinc sulphate, ZnS0 4 , 7H.,0 (white vitriol), is colourless 
and readily soluble in water. 

Magnesium sulphate, MgR0 4 , 7H 2 0, is contained in many 
spring- and river- waters (p. 281), and is known as Epsom salt 
from its occurrence in large quantities in a mineral spring at 
Epsom. It forms large, colourless crystals, and is very readily 
soluble in water. 

Sodium sulphate, Na 2 S0 4 , 10H 2 G, known also as * Glauber’s 
salt/ is also very readily soluble, and occurs in spring- and 
river-waters. 

Calcium sulphate, CaS0 4 , occurs as a rock or mineral 
called anhydrite, which consists principally of anhydrous 
calcium sulphate, and also as the mineral yypsum or selenite, 
which consists of hydrated calcium sulphate, CnS0 4 + 2H 3 0, 
and sometimes occurs in well-formed, colourless, transparent 
crystals. Gypsum is very abundant. When it is heated at 
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on oil o* vrraioL, and its salts. 

v • 

about 125° some of the water of hydration is expelled, and 

the white residue, when powdered, is known as Plaster "of 
Paris. This powder takes up water of hyflration again 
when it is mixed with water, and in doing so sots to a 
moderately hard mass. Plaster of Paris, therefore, is used in 
making casts of different objects ; also as* a cement for orna- 
mental work. 

Calcium sulphate is only sparingly soluble (1 in 500 at 
18°) in water, but it is contained in many spring- and river- 
waters (in which it causes ‘ permanent hardness/ p. 281). 

Barium sulphate, BaS0 4 , which occurs as a white 
crystalline mineral called heavy-spar , is insoluble in Tvuter 
and also in hydrochloric or nitric acid ; those facts are made 
use of in distinguishing barium sulphate from other white 
earthy materials, such as chalk, calcium sulphate, &c. When 
aqueous solutions of bwjum chloride and sulphuric acid are 
mixed, barium sulphate is precipitated, 

BaCl 2 + H 2 $0 4 = BaS0 4 + 2HC1, 

and although the solution then contains hydrochloric acid, 
tliis acid does not affect the precipitate. Barium sulphate is 
also precipitated when a. solution of any sulphate is added to 
a solution of barium chloride, 

Bad, 4- Xa 2 S0 4 - BaS0 4 + 2JSTaCl. 

As barium sulphate is insoluble, a precipitate is formed 
even when a very dilute solution of sulphuric acid or a 
sulphate is treated with a solution of barium chloride; 
hence it is possible to test for sulphuric acid or a sulphate 
by adding barium chloride (and then hydrochloric acid), and 
in this way the presence of sulphates is shown in nearly 
all natural waters except rain-water * Further, since barium 
sulphate is insoluble hr water and in hydrochloric acid, it 
follows that when excess of barium chloride is added to a 
solution of a sulphate, the irho/e of the latter undergoes 

* If neoesfiary the extremely dilute solution (natural water) may be first 
concentrated by evaporation. 
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double decomposition (p. 149) and is precipitated in the form 
of barium sulphate ; hence the weight of sulphuric acid 
(hydrogen sulphate) or of any sulphate contained in a given, 
solution may he estimated by first adding dilute hydrochloric 
acid (to prevent any other salt from being precipitated) and 
then excess of barium chloride, filtering, washing, and weighing 
the dried precipitate. 

As it is known that the formation of barium sulphate* 
from sulphuric acid and barium chloride is expressed by the 
equation just given, and that the molecular weights of sulphuric 
acid and barium sulphate are 98 (1 + 1 + 32 + 64) and 232*4 
(136*4 + 32 + 64) respectively, it is obvious that 232*4 g. of 
precipitate are obtained for every 98 g. of sulphuric acid present. 
Similarly 232*4 g. of barium sulphate are obtained for every 
142 g. of sodium sulphate,! and so on. 

Radicles . — Hydrogen sulphate and all the metallic sulphates 
described above contain one atom of sulphur and four atoms 
of oxygen, and as one sulphate can often he changed into 
another by double decomposition, it would seem that tbe 
atom of sulphur and four atoms of oxygen hang together, as 
it were, forming the foundation (or root) of a number of 
compounds. The term radicle is applied to any collection or 
group of atoms which thus occurs in a number of different 
compounds, and which may be transferred from one to 
another. When such a group, combined with hydrogen, 
forms an acid, it is called an acid radicle , and, as the radicle 
S0 4 is always combined with two atoms of hydrogen, or the 
equivalent of two atoms of hydrogen (Ag 2 , Ca, Zn, Fe, &c.), _ 
it is a bivalent radicle. 

* The composition of barium chloride (p. 148) may be determined by 
Vreating a weighed quantity with excess of silver nitrate and weighing the 
silver chloride so formed (p. 149). The percentage of barium in the sulphate 
may then he determined by treating a weighed quantity of barium chloride 
with excess of siilphurio acid and weighing the barium sulphate. Both 
reactions are carried out in aqueous solution. 

fTlftj percentage of sodium sulphate would be expressed in terms of #*9 
anhydrous salt Na-jSSO*, not Na^HO^, lOH^O (p. 226)1 
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CHAPTER XXVI. 

Sulphur Dioxide and Sulphur Trioxide. 

Sulpliur hums in the air (or in pure oxygen) with a blue 
flame, combining with the oxygen to form an invisible gas, 
sulphur dioxide, which is easily recognised by its character- 
istic, suii'ocating smell. This gas is also formed, together 
with water, when hydrogen sulphide burns in a free supply 
of air ; also when many metallic sulphides are heated in the 
air, or roasted , the metal being changed into an oxide,* * • 

S + 0 2 = S0 2 ; 2SH 2 + 30, « 2H0, + 2H 2 0 ; 

2Znfi + 30 2 =-- 2ZnO + 2S0 2 . 

The gas obtained by any of these methods is, of course, 
mixed with nitrogen, and generally with oxygen as well. 
The pure gas is prepared by heating copper, mercury, zinc, or 
sulphur with concentrated sulphuric acid in an apparatus 
such as that shown in fig. 54 (p. 140); it is collected over 
mercury, as it is readily soluble in water, or by displacing air 
upwards. Sulphur dioxide is not inflammable, and ordinary 
burning substances are extinguished by it. It is very easily 
liquefied by pressure, and in this state is sold in glass bottles 
(fig. 70). When the tap of suclf a bottle is opened the gas 
escapes, and as the pressure is reduced the liquid changes into 
the gas. 

Sulphur dioxide, like carbon dioxide, is completely absorbed 
hy soda-lime. When a weighed quantity of j xnire sulphur is 
completely burnt in a stream of oxygen, and the product (or 
products) is absorbed in a weighed soda-lime tube, it is found . 
that 1 g. of sulphur gives rather more than 2 g. of product, , 
but tlie results are not quite constant. 

* Most sulphides behave in this way, but some combine directly with ' 
oxygen and «re portly or entirely changed into sulphates, CaS + 20 2 = CaSO* , \ 
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* > 

The atomic weights of sulphur and of oxygen being known, 

it* may be calculated that an oxide of the formula SO would 
contain 66*8 per cent, of sulphur and 33*3 per cent, of 
oxygen, an oxide of *the formula S0 2 , 50 per cent, of each 
element. It seems clear, therefore, that under the above 
conditions (since 1 g. of sulphur gives rathe? more than 2 g. 1 
of sulphur dioxide) the principal product is an oxide, SO^ 
Now the density of pure sulphur dioxide (obtained from 
copper and sulphuric acid) is 32, so that the molecular weight 
is 64, corresponding with the molecular formula S0 2 . How 
is it, then, that 1 g. of sulphur does not always give exactly 
2 g. \>f sulphur dioxide ? Careful investigations have shown 
that small and variable quantities of another oxide of sulphur 
( s ° 3 ) are produced under the above conditions. When 'the 
formation of this second product is allowed for, it is found 
that 2 g. of sulphur dioxide are in fact produced from — or 
contain — 1 g. of sulphur. 

When copper is heated with strong sulphuric acid the 
metal disappears, hut instead of hydrogen (as might be 
expected) only sulphur dioxide, S0 2 , is evolved. If the 
dark liquid which remains after this action is poured 
into a little water, filtered, and evaporated, blue hydrated 
crystals of copper sulphate arc obtained. How is it that 
some metals dissolve chemically in dilute sulphuric acid, 
liberating hydrogen and giving a metallic sulphate, whereas 
the 'same metals and others when heated witli shorty sul- 
phuric acid give sulphur dioxide and a sulphate? What 
becomes of the combined hydrogen of the acid in the latter 
case? 

It may be supposed that at high temperatures two distinct 
changes take place ; (a) the acid is decomposed by the copper 
with formation of copper oxide, water, and sulphur dioxide ; 
(6) the capper oxide and more sulphuric acid give copper 
sulphate and water, 

(a) Cu + H 2 S0 4 = CuO + H 2 0 + SO a 

(8) CuQ + HgSO* = CuSO| 4* HgO« 
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These being combined in one equation, the final result is* 

Cu + 2H 2 S0 4 = CuS0 4 + 2H 2 0 4- S0 2 . 

Similar changes occur in the case of mercury* zinc, Silver, 
and some other metals. That the sulphuric acid is probably 
decomposed in this way is shown by the fact that the 
elements sulphur and carbon, which do ractf*displace hydrogen 
from any acid, and which arc not acted on by acids as a class, 
may be used instead of a metal in preparing sulphur dioxide, ' 

(a) 8 + 2H 2 S0 4 = 2SO, 4 - 2H.,0 4 - S0 2 (or 3S0 2 + 2H 2 0) 

(a) C 4- 2H 2 Sp 4 = 2S0 2 4 - 2H 2 0 4 - C() 3 . 

The change (It) does not occur in these cases. 

There are many chemical operations in which a given product As 
obtained owing to the occurrence of two or more distinct changes 
or reactions, which may be supposed to follow one another in a 
fixed order ; the changes are then termed primary, secondary, &c. 
Thus the formation of sulphur dioxide, water, and copper oxide 
may be regarded as the primary change or reaction in preparing 
sulphur dioxide, and the formation of copper sulphate as a secondary 
change. 


Sulphur Trioxide. 

When sulphur" dioxide is mixed with oxygen in variable 
proportions no sign of chemical change is observed, the mix- 
ture docs not take fire when *a light is applied to it* and if 
passed through a red-hot tube the mixture still smells strongly 
of sulphur dioxide, all of which facts show that the two gases 
do not combine together very readily or rapidly. Careful 
observations, however, prove that a small quantity of a new 
substance is formed when the gases are heated together. 

A very different result is obtained when a mixture of the 
gases, carefully dried with sulphuric acid, is led through a 
glass tube (fig, 70) containing some asbestos (at d), which has 
been covered with very small particles of platinum, and which 
is heated with a Bunsen-flame ,* a beautiful, colourless, crystal- 
line solid collects in the receiver (e) 9 and if the volume of 
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oxygen in the mixture is about half that ,of the sulphur 
dioxide, very little gas escapes from the bottle (/);* that is 
to say t most«of the gaseous mixture is changed into a solid | 
substance. The compound formed in this way is sulphur . 
trioxide. When it is dropped into water a hissing sound 
(caused by the sudden formation of steam) «is heard, and it 



gives a colourless solution with great lieat development. If 
the addition of sulphur trioxide is continued, a thick, oily 
liquid identical with sulphuric acid is formed. 

These are the principles of one method — the emit act process 
— for the manufacture of sulphuric acid. A mixture of sulphur 
dioxide and air, carefully purified, is passed over heated 
platinised asbestos,! and the product is dissolved in water. 

The formation of sulphur trioxide from sulphur dioxide 
and oxygen proves that the trioxide contains a larger propor- 
■ tion of oxygen than the dioxide. As the trioxide combines 
with water to form sulphuric acid, and no gas is evolved in 
the process, sulphur trioxide must have the formula, SO a 
[2S0 2 + 0 2 = 2S(U 

so 3 +n 3 o=n,so 4 . 


*The siphon or hottlc (a) contains liquid sulphur dioxide under pressure; 
the tube (6) is connected with a cylinder of oxygen. Both gases are dried 
by bubbling them through sulphuric acid contained in (c), where they are 
also mixed. The bottle (/) contains sulphuric acid to prevent the entrance 
of moisture* ,^ r 

t AsliestoiUptlj covered with very finely divided pUuuum. ^ 
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An oxide, such as sulphur trioxide, which combines *with 
water to form an acid is called an anhydride. Sulphur 
trioxide is sulphuric anhydride . Anhydrides may oft f en be 
obtained from the corresponding acid. t 

Catalysis. — A chemical change which takes place so slowly 
under certain conditions of temperature and pressure as to 
be inappreciable, may take place w.ith immeasurably greater 
rapidity in presence of some clement or compound which 
itself seems to take no part in the given change. Thus, in the 
case of sulphur dioxide and oxygen, when platinum is absent 
the gases combine very slowly indeed ; but when platinum is 
present in a suitable form, all other conditions remaining the 
same, combination occurs rapidly ; a small quantity of platiyum 
suffices for the production of a practically unlimited quantity 
of sulphur trioxide, and yet the metal is unchanged at the 
end of the process. 

Again, the decomposition of potassium chlorate is very 
much hastened in presence of a relatively small proportion 
of manganese dioxide, which seems to take no part in the 
reaction, and which is itself unchanged at the end of the 
process (p. 83). 

Substances like these which accelerate chemical change are 
called catalysts, and their action catalysis* A substance which 
serves as a catalyst in a particular reaction may have no effect 
whatever in other reactions. Water is one of the most im- 
portant catalysts ; many reactions which occur readily in 
presence of traces of water do not take place in its absence to 
any appreciable extent. Oxygen and hydrogen, for example, 
do not combine when sparks are passed through an absolutely 
dry mixture of the gases. 

Suj.pnuRous Acid. 

Sulphur dioxide is very soluble in water (its solubility at 16° 
is 4200). When a stream of the gas is led into cold water 
a slight ctayelopment 0 f heat occurs, hut no other sign of 
' m some oatalyata which retard chemical change, 
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chemical change is observed ; the solution has the same smell 
afi the gas, and the gas is completely expelled on boiling. So 
far, tl^refore^ the process of solution seems to be a physical 
change. , 

The solution has a sour taste, turns blue litmus red, and 
acts on a few metals — magnesium, for example — with libera- 
tion of hydrogen ; that is to say, a solution of sulphur dioxide 
in water is in these respects like a dilute solution of hydrogen 
sulphate or hydrogen chloride. When sulphur dioxide is 
passed (in excess) into a solution of lime-water, and the solu- 
tion is then evaporated on the water-bath, a colourless, crys- 
talline, odonrle** compound is deposited. If this solid is 
^seperated, washed witli a little water, and then placed in 
dilute hydrochloric acid, a vigorous effervescence is observed, 
and sulphur dioxide is evolved ; lienee this solid contains 
combined sulphur and oxygen. When some sulphuric acid is 
poured on to this solid sulwtance, sulphur dioxide is evolved ; 
on heating strongly to expel the ejrr&v of sulphuric acid, there 
remains a residue which can be identified as pure calcium 
sulphate. Hence the solid is a compound of calc/ium as well 
as of sulphur and oxygen. 

Quantitative experiments show that 119*1 units of the solid 
give 136 units of calcium sulphate. These qualitative and 
quantitative results correspond with the equation, 

CaSOjj + If,S0 4 - CaS<> 4 + H a O + S0 2 
39*7 + 31*8 + 47*6 39*7 + 31*8 + 63*5 

The solid compound which is thus shown to be CaS0 8 is 
called calcium sulphite. 

Now calcium sulphate may be regarded as a compound of 
the two oxides CaO and SO a , and calcium sulphite may be 
similarly regarded as a compound of CaO and S0 2 \ but cal- 
cium sulphate is derived from sulphuric acid, H 2 S0 4 , by dis- 
placing the hydrogen of the acid by the metal calcium, * 

Ca0 + H 2 S0< = CaS0 4 + H 8 0; ** 
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and if calcium sulphite is regarded as having been formed in'" 
a similar manner from an acid, H 2 S0 3 , * 

CaO + H 2 SO s = CaS0 3 + H 2 0, • 

then the production of this ‘ salt * and many other properties 
of the solution of sulphur dioxide are accounted for. 

Therefore, although a compound of the formula H 2 S0 3 lias 
never been isolated, it seems probable that this substance is 
really formed when sulphur dioxide and water are brought , 
together, just as hydrogen sulphate is formed from sulphuric 
anhydride and water (p. 232), v 

S() 2 + H,0 = H 2 S0 8 

so 3 +ii“o-ii“so 4 . 

% 

When this view is adopted it is easy to understand why tfie 
two solutions are similar in so many of their properties: they 
contain substances of the same nature or same type. 

Sulphur dioxide, therefore, is regarded as the anhydride of 
the acid H 2 S0 3 (p. 233), and is also called sulphurous anhy- 
dride, the acid, H 2 S(> 3 , being known as sulphurous acid. 

Calcium sulphite and other compounds formed from sul- 
phurous acid in a similar manner are classed together as the 
sulphites (compare p. 260). 

Sulphurous acid,, or moist sulphur dioxide, is an important 
4 bleaching ’ agent. When the acid is added to a solution of 
‘magenta 9 the colour of the dye is discharged violets and 
other flowers placed in a jar of the moist gas are also bleached. 
The actiottj|f sulphurous acid is milder than that of chlorine, 
and is also less destructive to the fabric or other material 
which requires to be ‘bleached/ For this reason sulphurous* 
acid is employed in bleaching wool, straw, and other fibrous 
materials on which chlorine lias a harmful effect (compare 
p, 289). 
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. CHAPTER XXVII. 

i 

Nitric Acid and some Compounds 
obtained from it.* 


When nitre (saltpetre or potassium nitrate) is heated with 
sulphuric acid (in a retort, fig. 71),* a brown or yellow vapour 

is evolved at first, 
and then there dis- 
tils a brown or 
yellowish fuming 
liquid, known as 
nitric acid , which 
is essentially the 
same as that ob- 
tained by heating a 
mixture of nitre 
and green vitriol 
(p. 39). This 

liquid lias a pun- 
gent and characteristic smell, and is extremely corrosive, 
causing severe wounds or ‘ burns * if it gets on to the skin.t 
It also acts violently on sawdust, india-rubber, cork, and most 
other vegetable as well us animal matter, and on all well- 



Fig. 71. 


known metals except gold and platinum ; for these, reasons it 
was once called cupia fortis. ** 


Gold, silver, and platinum are not oxidised when they are left 
exposed to or heated in the air, and for this reason they used to lie 
called ‘noble’ or ‘royal ’ metals, others being called ‘base* metals. 
Although hydrochloric or nitric acid alone has no action on two of > 
these noble metals (gold and platinum), a mixture of the two aeids 
acts readily on -both, converting them into soluble yellow chMftl&L 
This mixture of acids, known as aqua regia t owes its actiort 


* The cork (a) fits quite looaely or a hole is pierced 1 
‘ t Compare footnote, p. 39. 




NITRIC ACID AND qpMPOCNDS OBTAINED FROM IT. 237 

* & ' 

fact that nitric acid decomposes hydrogen chloride and liberates 

chlorine. All metals are attacked by— that is to say, combine 
with — chlorine. 

* t 

‘Nitric acid* is prepared commercially by heating sodium 
nitrate (Chili saltpetre) with sulphuric acid. When the com- 
mercial acid is heated in a distillation apparatus (fig. 7, p. 12) 
brown or ruddy fumes soon fill the flask and the liquid begins 
to boil, but the tom perat lire does not remain constant, so 
that either the ‘nitric acid* is a mixture or it decomposes. 
By fractional distillation under reduced pressure (p. 18)* 
a colourless liquid of constant boiling-point may be obtained. 
This substance is nitric acid, or hydroyen nitrate ; its specific 
gravity is 1-56 at 0°; under atmospheric pressure it boils at 
86°, but decomposes to some extent, giving a brown gas. Jt 
is miscibld v ;irith water, and its dilute solution has a sour taste 
and turns blue litmus ml. 

Commercial ni$4c acid contains from 1 to 50 per cent, 
of water, and is poured by dissolved gases (p. 246). 

Nitric acid ijHftsed commercially iu the manufacture of 
sulphuric acid (p. 287) and in the preparation of many 
explosives (dynamite, gun-cotton, cordite) and many dyes. 

Nitric acid attacks copper with great violence ; effer- 
vescence sets in, a brown gas is seen, the metal disappears, 
and there remains a blue solution which on evaporation gives 
blue crystals of copper nitrate (p. 42). When copper nitrate 
is heated it is decomposed, a brown gas is liberated, and black 
copper oxide remains (p. 43) ; lienee copper nitrate and 
nitric acid contain combined ojrtjfjen. t What other element 
or elements does nitric acid contain ? 

Experiments' have shown that when nitric acid (which has 
been most carefully purified) is gently heated and its vapour 

* Adding some sulphuric acid, which prevents water from distilling with 
the nitrio acid. 

t When mercury is treated with nitrio acid it is converted into merourie 
nitrate, which when gently heated gives mercuric oxide. It was in this 
way that the presence of combined oxygen in nitrio acid was first proved 
by Lavoisier. 
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is passed over strongly heated copper three products are 
formed, namely, copper oxide, water, and nitrogen ; lienee 
nitric acid or hydrogen nitrato is a compound of three 
elemeAts — hydrogen , oxyt/m, and nitrogen (p. 245). 

The percentage edmposition of nitric acid may be deter- 
mined by decomposing a weighed quantity of the pure 
Compound in this way with a known weight (excess) of 
copper, collecting the water in a calcium-chloride tube and 
the dry nitrogen over mercury. The percentage of hydrogen 
is calculated from the weight of the water, that of the 
nitrogen from its volume, that of the oxygen from the weight 
of the water and the increase in weight of the copper. The 
analysis requires special apparatus, as all air and moisture 
npiiA/ be excluded, and on this account details arc omitted. 

As it is very difficult to obtain nitric acid quite free from water, 
and as the determination of its composition by the analysis of the 
acid itself is by no means an easy task, the results are not very 
accurate. It is not necessary, however, to estimate all three 
elements directly, since either the oxygen artgihe nitrogen may 
be found by difference (p. 125). Further, the&estimation of the 
three elements in one operation is also unnecessary, so that condi- 
tions suitable for the determination of one constituent only may 
be chosen ; thus one experiment may he made to determine the 
hydrogen, another to determine the nitrogen, and a third to 
’ determine the oxygen. 

It is thus found that nitric acid consists of oxygen 76*2, 
nitrogen 22*2, and hydrogen 1*6 per cent., and its empirical 
formula, deduced in the usual way, is UNO#. 

Hydrogen, 1*6 - 1 ~ 1 ’G) 

Nitrogen, 22*2 -f- 14 = 1*6 - and 1*6 : 1*6 : 4*8 as 1 : 1 : 3. 

Oxygen, 76*2- 16 = 4*8, 

This formula is confirmed by the results of more accurate 
analyses of silver nitrate and other derivatives (wilts) of 
nitric acid. 

Silver nitrate has been known for a long time, and is a 
very important compound. Silver is readily acted on by hot 
dilute nitric acid, a brown gas is seen, and a colourless 
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solution results; on concentrating and cooling, anhydrous 
colourless crystals of silver nitrate are deposited. 

The percentage of silver in silver nitrate may be accurately 
determined by dissolving a weighed quantity of fchft pure 
metal in pure diluted nitric acid, evaporating to dryness (and 
until constant), pud weighing, the residue of silver nitrate. 

5 g. of silver give 7 -894 g. of silver nitrate ; the percentage 
of silver in this substance, therefore, is 63*3. 

The silver may also he estimated by dissolving a known weight 
of pure silver nitrate in distilled water and precipitating the metal 
as chloride by adding a slight excess of hydrochloric acid (compare 
p. 149) ; the silver chloiide is then separated, dried, and weighed. 

2*82 g. of silver nitrate give 2*87 g. of silver chloride.* The 
compo. itio# of silver chloride is, silver 75*3, and chlorine 24 *J per 
cent. Hence 2*37 g. of silver chloride contain 1*785 g. of silver. 
As this is the weight of the silver in 2*82 g. of silver nitrate, the 

percentage of the metal is - — = 63*3. 

Now silver nitrate does not contain any combined hydrogen, 
and it can be calculated that a substance of the formula 
AgN0 3 would contain 63*3 per cent, of silver. 

Since Ag = 107, N-=14, 0 = 16 (in whole numbers), the molecular 
weight of AgNO, would be 169 and — ^ ^ = 63 *3. 

Therefore, as the formula of nitric acid is HN0 3 and silver 
nitrate is produced from silver and nitric acid, it would seem 
that the metal displaces hydrogen from the acid, just as 
metals as a class displace hydrogen from hydrogen chloride 
and hydrogen sulphate. This conclusion does not at first 
sight seem to be borne out by a study of the action of nitric 
acid on metals, for although silver, copper, lead, mercury, 
zinc, iron, and others dissolve chemically in the acid, hydrogen 
is not liberated, a different gas (or gases) altogether being set 
free. This change is described later (p. 245), but the fact 
may be recalled that metnls do not liberate hydrogen from 
hot concentrated sulphuric acid. 

Now when metallic oxides are placed in nitric acid they 
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dissolve chemically without any gas being liberated, just as 
tjiey do in hydrochloric acid and in sulphuric acid. Thus 
when copper oxide is placed in nitric acid it dissolves chemi- 
cally, 4 giving a blue solution of copper nitrate ; similarly, 
litharge (lead oxide), mercuric oxide, and magnesium oxide 
dissolve chemically, and crystalline substances (salts) are 
obtained on evaporating the solutions. In these reactions 
double decomposition occurs, and the hydrogen of the nitric 
acid combines with the oxygen of the metallic oxide, as 
represented by the following equations, 

CuO + 2HNO, = Cu(N + H.,0 
PbO + 2IIN0 3 “ l’KN ( > 3 )a + H/>. 

The compounds formed in this and in other ways by dis- 
placing the hydrogen of nitric acid by metals are classed as 
salts of the acid and are called nitrates. 

Nitrogen Pentoxide. 

When pure nitric acid is very carefully mixed with excess 
of phosphorus pentoxide (p. 85) and the mixture is gently 
heated (in a retort), there distils an orange-coloured liquid, 
from which by cooling in a freezing mixture a colourless 
crystalline substance (in.p. 30°) may be isolated. This com- 
pound boils at 45°, decomposing to some extent; it dissolves 
chemically in water, with development of heat, and nitric 
acid is formed. Its formula is N 2 0 5 , and it is also called 
nitric anhydride because it combines with water and produces 
an acid (compare p. 233), 

N 2 0 6 + H 2 0 = 2HN0 3 . 

Phosphorus pentoxide decomposes nitric acid, and combines 
with the water which is formed. 

The Nitrates. 

Since one atom of a univalent element displaces one atom 
t)f hydrogen, and one atom of a bivalent element displaces 
two, and so on, the formula of a nitrate is M(N O^), M(N0 9 )^ f 
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M(N0 3 ) 3 ,* and so on according to the valency of the metal 
represented by M. The group of atoms (NO.,) which is pre- 
sent in all these compounds, and which can be transferred 
without change from one compound to another, as \vhen 
silver nitrate is treated with hydrogen chloride, 

Ap\() :J + IIC1 - Ag( '\ + HX0 9 

is called the nitric acid radicle (compare p. 228). This 
radicle is univalent. 

Potassium nitrate, KNO q (nitre or saltpetre), has already 
heeu mentioned (p. .‘bo), and also sodium nitrate, NaN0 3 
(Chili saltpetre). These two compounds occur naturally in 
largo quantities in hot countries (India, Chili, Peru), w^ich 
have a long dry season, and the way in which they are formed 
is very interesting. • 

Vegetable (and animal) matter, composed of compounds of 
carbon, hydrogen, oxygen, and nitrogen, decaying in the air, 
is oxidised in the presence of certain 4 nitrifying 9 bacteria in 
such a way that nitric acid is formed; the acid then attacks 
mineral matter and forms a nitrate of sodium, potassium, or 
calcium. Animal refuse (dung, Ac.) is richer in nitrogen 
compounds than vegetable matter, and is employed in India 
in the 4 artificial 7 preparation of nitre. 

Sodium anil potassium nitrates are colourless, crystalline, and 
readily soluble in water. When they are strongly heated they 
first melt and then decompose, giving oxygen (compare p. 82) 
and a substance called a nitrite , 

2KNO.. -- ().> 4- 2KNO.,. 

Polassium nitrate is used in the manufacture of gunpowder 
(p. 30), t but sodium nitrate is hygroscopic, and therefore 

* Brackets nre used, in tins and in similar cases partly to express the idea 
of a radicle, partly Ik 1 cause the relationship between the three formula; is 
clearer than if they were written MNO.,, MN0O5, and 4MN3O9 respectively. 

+ (innpowdor, which is a mixture of potassium nitrate, sulphur, and 
chnrcoal in vans hie proportions, is explosive because when it is heated the 
sulphur and carbon decompose the potassium nitrate, and a large volume of 
a mixture of sulphur dioxide, carbon dioxiefe, and nitrogen is suddenly 
formed, together with potassium sulphate, carbonate, and other products. 

Inoif. p 
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could not be employed for sucli a purpose. Sodium nitrate 
is used in the manufacture of nitric acid,* and both salts 
are also employed as manures. 

Silver intrate, AgN0 3 , lias already been referred to 
(p. 238). It melts- at 198°, and is often cast into sticks, 
but at much higher temperatures it decomposes and gives 
silver, a brown gas, and oxygen. When rubbed on the skin 
it produces after some time a black stain, and a sore or ‘ burn ’ 
if applied sufficiently. t Silver nitrate is very poisonous. It 
is used largely in photography and in the laboratory. 

Copper nitrate, Cu(A’0.j) 2 , crystallises with three molecules 
of water, forming beautiful blue crystals, Ou(NO ;j ) a , 3H L> <). 
Wlien strongly heated it decomposes, giving oxygen, a brown 
gaS, and a residue of cupric oxide, CuO. 

Lead nitrate, Pb(N0 3 ) 2 , may be prepared by chemically 
dissolving lead or litharge in nitric acid. On the solution 
being evaporated, the salt is deposited in colourless anhydrous 
crystals, which when heated strongly decrepitate (p. 35) J and 
decompose, giving oxygen, a brown gas, and a residue of lead 
oxide, PbO. 

These examples illustrate the general behaviour of the 
nitrates, all of which are decomposed at moderately high 
temperatures. Some, such as potassium and sodium nitrates, 
give oxygen and a nitrite of the metal; others — and this is 
the more common behaviour- — give a mixture of oxygen and 
a brown gas (nitrogen tetroxide, p. 240), leaving a residue of 
the metallic aride. A few — silver nitrate and mercury nitrate, 
for example — give the gases just named and the metal, because 
the oxides of these metals are themselves decomposed at high 
temperatures. 

A few metallic nitrates are decomposed by water, giving 

* The formation of nitric acid is expressed by the equation, 

2NaNO ;l + H._,S0 4 — 2IINO;* + Nn*S0 4 . 

^Silver nitrate -was once called ‘lunar caustic/ silver itself being known 
as ‘Luna’ (the moon), from^ts bright, shining appearance. 

4 The liberation of gas causes these crystals to break up violently. 
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insoluble compounds ; all the others are soluble in wate», and 
all are soluble in dilute nitric acid. # 

Some natural waters contain traces of nitrates.^ 

Nitric Oxtde. 

When copper turnings are placed in a WoulfFs bottle pro* 
vided with a thistle funnel, &c., exactly as shown in fig. 19 
(p. 63), and nitric acid is poured down the funnel (footnote t> 
p. 62),* the bottle is rapidly tilled with a brown gas, and a 
gas displaces the water from the cylinder; but the gas in 
the cylinder is colourless, not brown, and after some time the 
brown gas is no longer seen in the bottle. The cylinder is 
removed from the beehive and left inverted in the trotigji, 
while other jars are Idled with the gas and closed with glass 
plates. The gas does not dissolve in the water to any very 
appreciable extent; its solubility at 15° is about 5. 

If the glass plate is now removed from a cylinder of the 
gas, an extraordinary phenomenon is observed ; the gas near 
the open end of the jar immediately becomes brown. This 
must bo due to some action of one (or more) of the com- 
ponents of tlie air, but obviously not to aqueous vapour. In 
order to examine this phenomenon, a cylinder is half-filled 
with the gas and (possibly after first trying carbon dioxide or 
nitrogen with no obvious result) a little oxygen is bubbled up 
into the cylinder; brown fumes are immediately seen, from 
which fact it must be concluded that the colourless gas 
combines with free oxygen, or is decomposed by it. But the 
brown fumes disappear again if the cylinder containing them 
is left inverted in water ; hence the brown gas is readily soluble 
in water. On more oxygen being bubbled up tlie brown 
gas is again formed, and again dissolved ; and on repeating 
this process several times it is seen that instead of the volume 
of gas increasing by the addition of oxygen, it diminishes, 

*T1ie acid is dilntod to u specific gravity of 1*2, and the contents of the 
bottle are kept cool. 
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until 1 with a little care, namely, when one volume of oxygen 
lias been added for every two volumes of the gas, the 
water rises f,o the top of the cylinder. Experiments of 
this kind were made hy Priestley, who, however, used air 
instead of oxygen.* lie lirst obtained the colourless gas 
in 1772, and cali^d it ‘nitrous air.’ It is<now known as 
nitric oxide. 

Nitric oxide may be used as a test for free oxygen ; no 
other gas than oxygen forms a brown gas with it. Further, 
nitric oxide may he used for measuring the volume of free 
oxygon in the air (or in other gaseous mixtures), because, 
since^ the brown gas is soluble in water, the greatest itiminn- 
/ion in volume obtainable hy the gradual addition of nitric 
oxide (in presence of water) corresponds with the volume of 
the free oxygen. Nitric oxide, in fact, was so used by 
Cavendish, Priestley, and others, and as in those days it was 
supposed that the composition of the air varied at different 
seasons, the apparatus which was used for this purpose was 
t ailed a eudiometer (p. 161, from two Greek words meaning 
fine weather and a measure). 

Nitric oxide does not burn in the air, and a burning candle 
or burning sulphur or charcoal is extinguished in the gas. 
When, however, some brightly burning phosphorus is placed 
in the gas (footnote, p. 84) combustion continues with in- 
creased vigour, and a dense white smoke fills the vessel. 
The white solid thus formed is identical with phosphorus 
pentoxide (the compound obtained hy burning phosphorus 
in oxygen, p. 85). Nitric oxide, therefore, contains oxygen; 
it cannot he or contain free oxygen, as it gives a brown gas 
when it is mixed with oxygen. 

When nitric oxide is slowly passed through a glass tube 
containing a long layer of red-hot copper, the metal is 

* Priestley wrote afterwards : 1 1 hardly know any experiment that is more 
adapted to amaze and surprise than this, which exhibits a quantity of air 
w hieh as it were devours a quantity of another kind of air half as large as 
itself, and yet is so far from gaining any addition t& its bulk that it is 
considerably diminished by it.* 
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changed into a black substance which can be identified as 
copper oxide. Some gas escapes, and may be collected over 
water (as soon as all the air in the tube has benn displaced). 
Tin’s gas is invisible, odourless, and practically insoluble in 
water; it extinguishes all burning substances; when it is 
dry and pure it# density is 14, which is that of the element 
nifroyen (p. 9,3). Nitric oxide, therefore, is a compound of 
nitroyen and ox y yen. 

Now the density of pure nitric oxide is 15, so that its 
molecular weight is ,30 ; as its molecule must contain at least 
one atom of nitrogen (at. wt. 14) and one atom of oxygen 
(at. wt. 16), its molecular formula is NO. • 

The nitric oxide obtained by the faction of nitric acid on copffbr^is 
genoially mixed with nitrous oxide (p. 2(J8), and the proportion of 
the latter depends on the concentration of the nitric acid and on 
the temperature at which interaction occurs. Nitric oxide is 
absorbed by a solution of ferrous sulphate (green vitriol, p. 2*26), 
forming a black soluble compound, which is decomposed on heating 
its solution, nitric oxide being evolved. These facts may be made 
use of in separating nitric oxide from nitrous oxide and other 
gases. 

It is obvious that the .formation of nitric oxide from nitric 
acid by the action of copper (and oilier metals, such as 
mercury) is not a simple substitution (p. 116), and that 
both oxygen and’ hydrogen, are removed from some of 
the TINOg molecules. As, at the same time, the copper is 
changed into Cu(N0 3 ) 2 , some of the 1IN0 3 molecules lose 
hydrogen only. 

' It seems probable, therefore, that several distinct changes 
occur, and that the nitrate is formed in some indirect 
manner, just as a sulphate is so formed when a metal is 
heated with concentrated sulphuric acid (compare p. 2,30). 

It may ho supposed that the metal, copper, for example, 
is first converted into oxide by some of the nitric acid, which 
is thereby decomposed into water and nitric oxide, 

3Cu + 211N0 8 = 3CuO + H 2 0 + 2NO ; 
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fiud that the copper oxide and more nitric acid then form 
copper nitrate and water, 

• !5CuO + 6HN0 3 - 3Cu(N 0 3 ) 2 + 311,0. 

These two reactions being combined, the final result may be 
expressed by the equation, 

3Cu + 8IiNO a - 3Cu(N0 8 ) 2 + 4H/)V 2N0. 

This view is supported by the fact that some metals — tin, 
for example — are converted into their oxides, and not into 
their nitrates, by concentrated nitric acid. AVhen this acid 
is poured on some tin a violent action occurs, a brown gas is 
seeiv and the tin is changed into a white powder, stannic 
oxide, SnO a , coni billed with water. 

•’It is also known that nitric acid * oxidises ’ many elements 
besides the metals; thus when sulphur is heated with nitric 
acid it is changed into sulphur trioxide, which, with the 
water present, forms sulphuric acid (p. 232). This important 
property of nitric acid is referred to again (p. 28G). 

Nitrogen Tetroxide. 

The brown gas which is formed when nitric oxide and 
free oxygen are brought together changes to a pale-yellow 
liquid (b.pw 22 ), and then to an almost colourless crystal- 
line solid (m.p. — 12°), when it is cooled sufficiently. It can 
be shown that this solid has the molecular formula N 2 U 4 , so 
that it is produced by the combination of oxygen and nitric 
oxide. It is called nitroyen tetroxide. 

The brown gas in question may be produced in various 
other ways. It is formed when nitric acid is distilled, a part 
of the acid being decomposed into brown gas, oxygen, and 
water; the brown gas dissolves in the distillate, giving it a 
brown or yellow colour. It is also formed’when lead nitrate 
and several other metallic nitrates are heated (compare p. 242), 
an<^ further, by the combination of oxygen and nitrogen. 

. If a flask containing air, or any mixture of oxygen and 
nitrogen, is fltted up as shown (flg. 72), with two (copper) 
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wires, between which electric sparks can be passed, the # n, on 
‘sparking/ the gaseous mixture is locally heated at a ve*y 
high temperature. After some time the content# of thy flask 
become brown, owing 
to the formation of 
nitric oxide, which 
combines with oxy- 
gen, giving nitrogen 
tetroxide. 

Nitric oxide is de- 
composed into nitro- 
gen and oxygen if it is 
heated very strongly. 

AVliou, therefore, the 
mixture of gases has 
been sparked for some 
time, the proportion 
of tetroxide does not 
increase but remains 
constant, because just 
as much of the oxide is decomposed as is formed in a 
given time. The reactions are reversible. 

This combination of oxygen and nitrogen was studied by 
Cavendish (in 1784), and lie showed that when the brown 
gas is absorbed in caustic potash (p. 79) the solution, on 
evaporation, gives crystals of nitre (potassium nitrate).* 

Nitrates are now made commercially by ‘sparking’ air, 
absorbing the brown gas in water, and then neutralising with 
calcium carbonate, sodium carbonate, &c. (p. 299). 

Small quantities of nitrogen tetroxide are formed during 
thunderstorms, and carried down to the earth as nitric acid, 
which then acts ou the earthy materials, forming nitrates. 

* The element nitrogen was so named because it gave rise to nitre. It is 
now known that when the brown gas is dissolved in caustic potash it forms 
not only potassium nitrate, but also potassium nitrite (p. 241), a salt of 
nitrouB acid, 

N g 0 4 + 2K0H=;KN0 8 +KN0a+ H*0. 
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The "nitrates so formed are absorbed by plants. The com* 
hj nation of nitrogen and oxygen under the influence of the 
lightning discharge does not continue, because the reaction 
is endothermic (p. 137). 

CHAPTER XXVIII. 

Acids, Bases, and Salts. 

Acids. — The term ‘acid ’ which is applied to many different 
compounds is a general or class name like the terms ‘metal* 
and *salt;* it was originally given to substances which had a 
sliai^) or sour taste and a corrosive action on metals, and 
wliich turned blue vegetable dyes, such as litmus, into red 
ones. All the acids which so far have been described show 
these common properties, but at the same time differ from 
one another in many respects. 

Now when Lavoisier was making experiments on ‘burning* 
or combustion, he noticed that when certain clement 1 " such as 
carbon, sulphur, and phosphorus were burnt in PiiestJey’s 
‘ dephlogistieated air* and the prod nets of combustion were, 
afterwards dissolved in water, tin* resulting solutions bad the 
properties of acids. Hence In* concluded that an element 
formed an acid when it combined with ‘depldogisticatod 
air/ and the name osygvn which he then gave to this 
‘air* means (u-i<i-]>ro<hiepr. Many oxides, such as carbon 
dioxide, sulphur dioxide., and phosphorus pentoxide (p. 8b), 
were therefore regarded as acids ; hut later on, when the 
composition of hydrogen chloride was established,* it was 
recognised that a substance which does not contain oxvgeh 
may yet be an ‘acid.* In the course of time it was found 
that acids are always compounds of hydrofjrn , and that those 

* For Home time it vas suppost-d that hydrogen chloride contained 
combined oxygon, because its solution m water had the properties of an* 
acid, and chlorine was regarded as a compound of oxygen with some 
unknown element or elements. 
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oxides which give acids when they are dissolved in water 
heroine acids only after they have combined with (the element 
ol) water and been changed into compounds of hydrogpn, as 
well as of oxygen. 

Thus carbon dioxide, sulphur dioxide, and phosphorus 
pentoxide are m»t acids themselves, but when brought into 
contact with water they comldnc. with it, and carbonic , 
HttJpJtnron s, or phosphoric acid, as the case may be, is thus 
produced. 

As a result of this combination both the oxide and the 
iraier , as such, no longer exist; their molecules are changed ; 
and a new compound, having totally different properties, is 
formed. This is not obvious in the cases of carbon dioyjde 
and sulphur dioxide 1 ; these gaseous oxides dissolve in wat<?r 
(chemically) without outward sign of chemical change, in 
much the same way, apparently, as does oxygen or hydrogen, 
md they an* expelled again, as oxides, on the solutions being 
heated. Nevertheless, although most of the water (which is 
present in great excess) remains unchanged, and merely acts 
as a solvent, the aqueous solutions doubtless contain definite 
compounds. II., GO., and H L ,»SO„ respectively, and it is only 
heeause these compounds arc easily decomposed that they 
cannot he isolated - -that is to say, obtained free from water. 

Facts have already been given which seem to prove the 
existence of sulphurous acid, H L ,S() 3 (p. TM \) ; and similar 
evidence is given later in the case of carbonic acid, 1 f.jCO s 
(p. 271). That many oxides (anhydrides) combine with water 
during solution to produce acids may, however, he proved by 
direct evidence ; thus sulphuric acid and nitiic acid may he 
obtained by the combination of the respective anhydrides 
with water, 

K0 a + JI.,0 = IT,fc0 4 
N.,0 5 + 1LO - 2HN0 3 . 

Hence it is hardly true to say that oxides such as these 
dissolve in water; it is the product# which pass into solution 
and which are the acids . 
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T^ic analysis of these acids has shown that their formation 
is expressed by the above equations; tlieir chemical examina- 
tion ,lias lad to the conclusion that each of the hydrogen ; 
atoms in tlieir molecules is held by, attracted by, or com- 
bined with one particular oxygen atom ; this may he indi- 
cated by writing their formulas 80., (Oil ) 2 and ^J0 2 (0I1) 
respectively. 

The group or radicle (p. 228), namely (Oil), which is thus 
contained in these molecules is called the ht;,hvjcyf- group, and 
a compound which contains one or more hydroxyl-groups is 
called a hydroxide. 

The use of formula* sueli as SO., (OH)., and M0 2 (0H) is of 
so;pe help in forming a mental picture of chemical change. 
In every molecule composed of two or mure atoms, the atoms 
are held together and can only he sqm rated by the application 
of heat or other form of energy ; they attract one another 
with some power or force which is often called chemical 
affinity. Owing to the attractions of the different elements 
for one another, the atoms in the molecules become arranged 
or grouped in some delinite manner, so that the molecule may 
be regarded as a structure of delinite form. Thus the molecule 
of sulphur trioxide may be pictured as a structure in which 
one atom of aiilphur is attracting three atoms of oxygen, thus 

\ and that of water as a structure in which one atom of 

oxygen is attracting two atoms of hydrogen, thus HOII. 
When a molecule of sulphur trioxide combines with a mole- 
cule of water, the atoms rearrange themselves and a totally 
new structure or molecule is formed, namely, that of sulphuric 

acid, ° r U1 ‘ &()..,(( )H) 2 , in which eack of 

the hydrogen atoms is held or attracted by one particular 
oxygen atom, forming a hydroxyl-group. 

Formulie of this kind (constitutional formula) may serve 
to recall the fact that although sulphuric acid is produced by 
tile combination of one molecule of sulphur trioxide .with one 
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molecule of water, the molecule of the acid itself contains 
neither of these molecules, but is a new and distinct structure, 
different from both. 

A radicle (p. 228) is thus to be regarded as a portion of a 
structure, or molecule, which occurs in the molecules of many 
different comptninds. 

Although the hydroxides of many elements are acids, an 
acid is not always a hydroxide. Hydrogen chloride and 
hydrogen sulphide are acids, but not hydroxides ; water, on 
the other hand, is a hydroxide, but not an acid. 

lienee it is not the mere presence of combined hydrogen which 
causes a substance to have acid properties ; such properties are 
only shown hy compounds in which the hydrogen is combined with 
particular elements or in a particular way. The hydrogen com- 
pounds of chlorine and of sulphur are acids; those of oxygen and 
of carbon, for example, are not. 

It is also noteworthy that although the hydrogen compounds of 
oxygen and of carbon are not acids, yet many acids are known 
which consist only of the three elements hydrogen, oxygen, and 
carbon, as, for example, carbonic acid (p. 271) and acetic acid 
(p. 277). From such facts it must he concluded that the properties 
of a substance depend not only on the nature (or kind) of the atoms 
which it contains, but also on how they are arranged together t-o 
form the molecule. 

Basic hydroxides. — The compound quicklime or calcium 
oxide combines with water to form calcium hydroxide 
(p. 71) ; here again it is known that both the metallic 
oxide and the water are changed, and the result may be 
expressed thus, 

CaO + If a O = Ca(OH) 2 . 

Although calcium hydroxide is thus produced from an 
oxide hy a process similar to that by which sulphuric, nitric, 
and other acids are formed from their respective anhydrides, 
it differs from the acids in a marked manner. It has not a 
sour taste, does not corrode metals, and does not change blue, 
to red, litmus; but litmus which has been turned red by an 
Acid becomes bluo again when calcium hydroxide is added 
to it. 
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Now calcium hydroxide is readily acted on by acids ; thus 
with hydrochloric, nitric, sulphurous, and sulphuric acids it 
yiolds^in addition to water, a salt- - that is to say, a compound 
which is formed from the acid by the displacement of its 
hydrogen by a metal, 

Ca(< >Ify, + 2JTC1 =- CaCl., + 211,0 c 
Ca(( >I1)“ + 21IN0.J = Ca(NO..)oV 2H 2 0 
Ca(OlI)* + H 2 SO. { '— CaS0 3 + 2H*< > 

Ca(OH) 2 + H~S< \ - CaSt) 4 + 211/). 

The properties of salts are very different from those of the 
compounds from which they have been formed ; thus, com- 
pared' with the highly corrosive acids, they may he regarded 
as mild or neutral substances, and even when compared 
with calcium hydroxide, they seem to he very passive ; for 
example, they do not as a rule change the colour of either 
red or blue litmus. 

Many hydroxides resemble calcium hydroxide inasmuch as 
they act on and ‘neutralise* acids, a mil and water being 
formed ; such hydroxides are called basic hydroxide* or bam* 
and the oxides from which they are produced are called haute 
oxides. 

Thus copper hydroxide, lead hydroxide, and silver hydroxide 
are basic hydroxides, and their behaviour towards acids is 
expressed by equations such as the following, 

Cu(( >11)* + 1 T,SO t - CuSf > 4 + 2H,0 
Pb(( ) H )“ + 2 H X ( ), =-- 1 >b( X 0 H ) 2 + 2H 2 0 
Ag(OII) + HG1 =■ AgCl + 11,0. 

The oxides GuO, PbO, and Ag/) respectively, obtained by 
heating these hydroxides, are basic oxides. 

Some basic hydroxides, such as sodium hydroxide, NaOH, 
and potassium hydroxide (pp. 78, 79), which are readily soluble 

*.Most of the common ‘mineral’ acids me liquids (nitric and sulphuric 
acids) or solutions (hydrochloric acid), and leave no residue when suffi- 
ciently heated ; when treated with solid, non-volatile calcium hydroxide 
they give solid, non-volatile products, which seem to owe their solidity to 
a foundation or lane of calcium hydroxide. 
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in water, are extremely active substances, and such •very 
active hydroxides are called alkalis . # 

Salts. — A salt may therefore be regarded fyom several 
standpoints : as a compound formed, tnyethar with water, by 
the interaction of an acid and a basic hydroxide, or by the 
interaction of an acid and a basic oxide, 

Ag 2 0 + 2TIC1 = 2AgCl + H 2 0 ; 

also, as a compound formed by displacing the hydrogen of an 
acid by a metal (compare pp. 146, 147, 224, 2.49). 

The meanings of the terms just referred to may be further 
illustrated by considering the behaviour of two widely ditlerent 
elements, sodium and sulphur. Sodium is a lustrous solid, 
not unlike silver in appearance*, hut much more active cheTu^- 
cally ; when placed in water it liberates hydrogen at ordinary 
temperatures (p. 107), and there is formed a solution of a 
colourless crystalline substance, sodium hydroxide, 

2K a + 2 H 2 ( ) - 2Na(OII) + H.,, 

identical with that formed from sodium carbonate and calcium 
hydroxide (p. 78). Sodium hydroxide is also formed when 
sodium oxide is placed in water, 

NftjjO + TIjjO = 2Xa(OH) ; 

it is a very active substance, is caustic, and 'turns red litmus 
blue. 

Sulphur does not act on water ; it combines with oxygen 
and forms two oxides (anhydrides), both of which unite with 
water. The hydroxides thus formed, namely, sulphurous and 
sulphuric acids, have a sour taste, corrode metals, and turn 
blue litmus red. 

When a little litmus solution is added to one of these 
acids, say sulphuric acid,, and a solution of sodium hydroxide 
is then slowly dropped in (from a burette), the red colour of 
the solution changes to blue where the drops fall, hut on the 
solution being shaken, the blue colour immediately gives place 
to red. As the addition of the sodium hydroxide solution is 
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continued, the blue colour changes more and more slowly, until 
at last with careful work the whole of the solution is coloured 
neither blue nor bright red, but an intermediate ‘port-wine' 
shade! The solution now does not contain either sulphuric 
acid or sodium hydroxide, and when evaporated it yields 
crystals of sodium sulphate (]). 226), a substance which docs 
not change the colour of blue or red litmus, which is neither 
caustic nor sour, and which, compared with sodium hydroxide 
or with sulphuric acid, may he regarded as an extremely mild 
or neutral substance. The sodium hydroxide and sulphuric 
acid are said to have neutralised one another ; they have been 
mixed in equivalent quantities and have formed a salt and 

"y*' 2Xa(OH) + ir 2 S0 4 = Na 2 S0 4 + 2H 2 G. 

Many compounds behave like sulphuric acid towards 
sodium hydroxide, and are classed as acids ; all such com- 
pounds contain combined hydrogen : many of them are 
formed by the union of an oxide with water ; such oxides 
are called anhydrides or acid-form iny oxides ; elements which 
give rise to acid-forming oxides only are called non-metals. 

An acid the molecule of which contains one atom of 
hydrogen displaceable hy a metal is called a monobasic acid, 
as, for example, hydrogen chloride and hydrogen nitrate ; 
when there are two. atoms of displaceable hydrogen in the 
molecule, as, for example, in sulphurous and sulphuric acids, 
the acid is called dibasic; if three (as in phosphoric acid, 
H 3 P0 4 ), the acid is tribasic ; and so on. 

Many hydroxides behave like sodium hydroxide towards 
acids, and are classed as basic hydroxides ; all such com- 
pounds may be considered as having been formed by the 
combination of an oxide with water; such oxides are called 
basic oxides ; elements which give rise to at least one basic 
oxide are called metals. 

A basic hydroxide such as sodium hydroxide or silver 
hydroxide, the molecule of which contains one hydroxyl- 
group, is called a monacid hydroxide ; if two hydroxyl-groups 
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are present in the molecule, as in the hydroxides of »lead, 
copper, and calcium (p. 252), the compound is a diacyl 
hydroxide ; and so on. 

Many basic oxides are insoluble in, and do not combine 
with, water when they are merely added to it, but the corre- 
sponding basic hydroxides 111 /iy be obtained by other methods. 

A basic hydroxide may also be regarded as a compound 
derived from water by the displacement of one atom of 
hydrogen by an equivalent of a metal ; thus the univalent 
metal sodium displaces one atom of hydrogen, forming 
Na(OlI); the bivalent elements calcium, copper, lead, &c. 
displace two atoms of hydrogen from two molecules of water, 
forming compounds such as Ca(()ll) 2 , Cu(01I). 2 ; and so on. 
It must not be supposed, however, that all basic hydroxides 
can be prepared by treating a metal with water ; some metals 
only act on water at high temperatures, while others, such as 
copper, have no action. 

The term ‘metal,’ of which some explanation was given 
very early (p. 35), is applied to a class of elements which 
have not only certain physical but also certain chemical pro- 
perties in common. A metal forms at least one basic oxide, 
and displaces hydrogen from acids. 

The division of the elements into metals and non-metals, 
of their oxides into basic oxides and acid-forming oxides 
(anhydrides), and of their hydroxides into bases and acids, 
is convenient in many ways, and as regards most elements, 
oxides, and hydroxides, there is not much difficulty in decid- 
ing in which of the two classes a given substance should be 
placed ; but in chemistry there are no boundary lines. Some 
elements, some oxides, and some hydroxides seem to belong 
to the one class or to the other according to the test which 
is applied ;■ thus the hydroxide of the element aluminium 
(p. 295) behaves as a basic hydroxide when it is treated 
with sulphuric acid, but as an arid when it is treated with 
sodium hydroxide, a salt and water being formed in both 
cases. Further examples will be given later ; at this stage it 
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is sufficient to point out that the exact definition of terms 
spell as ‘acid/ ‘ base/ Ac. is not a simple matter. 

Titration — Volumetric Analysis. 

In the formation of a salt and water from an acid and a 
basic hydroxide, ah atom of hydrogen from' the molecule of 
the acid com bines with a hydroxyl-group from the molecule 
of the basic hydroxide to form water; it follows, therefore, 
that one. molecule of a monobasic acid is equivalent to 
or neutralises one molecule of a monacid hydroxide, that 
one molecule of a dibasic acid neutralises 
tiro molecules of a monacid hydroxide, that 
tiro molecules of a monobasic acid neutralise 
one molecule of a dine. id base, and so on. 

II( '1 4- Xat )1 1 = XnCl + H„0 
II., S( > 4 + ‘JXaOli - Xa.,K< >, + 21 l a O 
21 1 Cl + Ca(OH) 2 - CaCC + 211/)“ 

The relative quantities of acid and basic 
hydroxide which thus neutralise one another, 
and which are expressed by the above equa- 
tions, are thus equivalent weights (p. 17G). 

Now sup] wise that a solution of hydrogen 
chloride is gradually added (from a burette, 
fig. 73) to a solution of sodium hydroxide 
coloured with litmus until the colour of the 
solution is neither blue nor red (compare 
p. 25*1), the acid and the sodium hydroxide 
have Hum been mixed in equivalent qunnti- 
Fig. 73. tics, and the solution contains only sodium 
chloride. 

If the ice i (flit of hydrogen chloride in a given volume (say 
1 litre) of the hydrochloric acid is known, and also the volume 
of the solution which has been run from the burette, the 
weujhf of sodium hydroxide originally present in the alkaline 
solution is easily calculated. 
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Example. — 1 litre of the acid contains 36*2 g. of hydrogen 
chloride; 20 c.c. were used. From the above equation 36*2 g. of 
HCI are equivalent to 40 g. NaOH. 20 c.c. of the acid contain 

^ 0*724 g. HCI. By proportion, therefore, flic weight of 

1 000 

0*724 x 40 

sodium hydroxide is - fc) =0*8 g. in the given solution. 

* • 

Tn an exactly similar manner the weight of hydrogen 
chloride (or other arid) may he ascertained with the aid of 
a solution of sodium hydroxide of known concentration, 
using litmus as indicator; it is of no consequence whether 
the acid is added from a burette to a known volume of the 
sodium hydroxide or ricr wnsu, as when the neutral # tint 
is reached, the substances have been mixed in equivalent 
proportions. * 

This operation of estimating the quantity of one substance 
in a solution, by gradually adding a solution of another sub- 
stance of known concentration until a certain known change 
occurs, is termed lit ration ; the litmus or other substance 
which shows when the desired change has taken place is 
termed the indicator. 

For practical purposes, and to save trouble in calculating 
the results, the prepared solutions of acids and basic 
hydroxides used in titrations are generally of a fixed con- 
centration, and are termed standard solutions. The quantity 
of a substance in a given volume (say 1 litre) of its solution 
is also so chosen that a given volume of any acid neutralises 
an equal volume of any basic hydroxide ; that is to say, all 
the solutions are of equivalent concentration. 

The usual standard concentration is 1 gram - molecule 
(p. 197) of a monobasic- acid or monacid base in 1 litre ; 
since 1 molecule of a dibasic acid is equivalent to 2 mole- 
cules of a monacid base, the equivalent solution of such an 
acid contains J gram-molecule per litre, and similarly with a 
solution of a diacid base ; in the case of a tri basic acid 
J gram-inolecule would be the equivalent quantity. Such 
solutions are termed normal or N-solutions. It is generally 

Jnorg, Q 
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convenient to prepare standard solutions of one-tenth of this 
concentration for more accurate work ; these are deci-normal 

or ^ solutions. 

Acid Salts. 

When sulphuric acid is added to sodium chloride until the 
evolution of hydrogen chloride ceases, oven on warming gently 
(as in preparing hydrogen chloride, p. 14:2), the product 
crystallises on cooling ; if this crystalline mass is crushed, 
and drained on porous earthenware to got rid of sulphuric 
acid, and then recrystallised from hot water, colourless 
* prisms * of a substance called sodium hydrogen sulphate 
are obtained. 

"When a measured volume of sodium hydroxide is neu- 
tralised with (diluted) sulphuric acid as already described, and 
an equal volume of the same (diluted) acid is afterwards 
added, then on evaporation, instead of hydrated crystals of 
sodium sulphate, Xa.,S() 4 , 10TLO (p. 220), only long prisms 
of sodium hydroyen sulphate are obtained, and no other sub- 
stance is mixed with them. 

Further, when some hydrated sodium sulphate is dissolved 
in water and treated with about one-third of its weight of 
sulphuric acid, the solution on evaporation gives prisms of 
sodium Itydroym sulphate. 

The crystals of sodium hydrogen sulphate obtained by 
these three methods are readily soluble in water, and even 
after repeated recrystallisation (to remove every trace of 
sulphuric acid) their aqueous solution has a strong ‘acid 
reaction’ to litmus, and dissolves zinc, magnesium, and other 
metals chemically, with liberation of hydrogen ; the solution, 
in fact, behaves very like a solution of sulphuric acid. 

When dry sodium hydrogen sulphate is strongly heated it 
gives off ‘fumes,’ and when these are passed into water a 
solution of sulphuric acid is obtained; tile non -volatile 
residue consists of anhydrous sodium sulphate, and if crystal* 
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Used from water it gives the pure hydrated salt, Na 2 &0 4 , 
lOHgO. 

Quantitative experiments show that the loss in Vipight 
observed on heating sodium hydrogen sulphate corresponds 
with the loss which should occur if the change were 
expressed by tho-equation, 

Na 2 80 4 , H 2 S0 4 = Na 2 S0 4 + 1T 3 S0 4 ; 

(Residue) (Volatile) 

and the weight of barium sulphate which is obtained from a 
given weight of sodium hydrogen sulphate by precipitation 
with barium chloride (p. 227) corresponds with that calcu- 
lated from the equation, • 

E a 2 ft0 4 , H 2 S0 4 + 2 BaCl 2 = 2Baft0 4 + 2NaCl + 2HC1. . 

These facts show that the composition of sodium hydrogen 
sulphate may be expressed by the formula, 

Na 2 SG 4 , II 2 S0 4 or Na 2 H 2 (.S0 4 ) 2 or NaIIS0 4 . 

For many reasons, which it is unnecessary to particularise, 
the last of these formula) is used to represent sodium hydrogen 
sulphate ; the substance is regarded as a salf y produced by 
displacing a part of the hydrogen of the acid by the metal. 
Its formation by the action of sulphuric acid on (l) sodium 
chloride, (2) sodium hydroxide, (3) sodium sulphate is ex- 
pressed thus : 

(1) II.,ft0 4 + NaCl ^ Nall ft 0 4 + TICK 

(2) fCS0 4 + NaOII = NnlIS< > 4 + 1I 2 0 * 

(3) Il 2 ft0 4 + Na.jS0 4 = 2NaHS(> 4 . 

The molecule of this salt, however, still contains one of the 
hydruyen atoms of the aeid 9 and this atom may he displaced 
hy a metal, 

NaTIS0 4 + NaOH = Na 2 ft0 4 + 11 2 0. 

* Jn making sodium hydrogen sulphate, equivalent quantities of sodium 
hydroxide and sulphuric acid are 40 and 98 respectively as expressed hy 
this equation, hut in making sodium sulphate, Nb.jS0 4i equivalent quanti- 
ties are 40x2 and 98 respectively. The equivalent of a compound, like 
that of an element, depends on the nature of the chemical change in which 
it takes part. 
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Many salts of such a type are known — that is to say, salts 
formed by displacing only a part of the displaceable hydrogen * 
of tire molfccule of an acid ; such compounds are named , 
acid or hydrogen salts in order to distinguish them from 
those which arc produced by displacing the whole of the 
displaceable hydrogen, and which are called •norm al salts. 

Although sodium hydrogen sulphate has an acid reaction 
to litmus, this is by no means a characteristic property of 
acid or hydrogen salts as a class ; in fact, some of them turn 
red litmus blue. 

Sodium hydrogen sulphite, NalhS0 3 , is formed when 
excess of sulphur dioxide is passed into a solution of sodium 
hydroxide, 

' NaOH + HoS0 3 = NaHSOg + H 2 0 ; 

it is crystalline and readily soluble in water, hut when its 
aqueous solution is boiled the hydrogen salt is decomposed, 
giving sulphur dioxide (which escapes) and normal sodium 
sulphite , 

2NaHSG 3 = SOo + H 2 0 + Na 2 S0 3 . 

Some of the best-known and most important acid or hydrogen 
salts are derived from carbonic acid, and are described later. 


CHAPTER XXIX. 

Ammonia. 

A colourless, crystalline substance called sal-ammoniac lias 
been known from very early times. Possibly it was first 
found as a deposit in the neighbourhood of volcanoes; later 
on it was prepared by extracting with water the soot obtained 
by burning camel’s dung. In more recent times animal 

*Some acids contain one or more hydrogen atoms which are never dis- 
placed by metals (compare p. 278). The basicity of an acid depends on its 
displaceable hydrogen, and not on the total number of hydrogen atoms in 
its molecule. 
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refuse such as horns, bones, &c. was submitted to destructive 
distillation (p. 114), and the aqueous distillate was evaporated 
witli hydrochloric acid ; the product was crude sal-ammcyiiac. 

When sal-ammoniac is heated gently dense white ‘fumes' 
are formed. The solid changes into a vapour which con- 
denses directly to the solid again, without passing through 
the liquid state (sublimation, p. 19). Sal-ammoniac, there* 
fore, may be called a volatile sub- 
stance, and may be separated 
from non -volatile impurities by 
sublimation . 

When sal-ammoniac is mixed 
with slaked lime a very pungent 
and characteristic smell is imme- 
diately observed, owing to the 
liberation of an invisible gas 
called ammonia. 

Ammonia is prepared by heating 
a mixture of sal-ammoniac (1 part) 
and quicklime (1 part) in an angle- 
tube (fig. 74). As the gas cannot 
be collected over water, because it 
is so soluble, it is collected over 
mercury ; or, as it is lighter than 
air, by displacing air downwards 
(compare p. 66), as shown. Ammonia is absorbed by the 
three substances commonly used for drying gases (p. 67), 
ami if required free from aqueous vapour it iR passed through 
tubes containing quicklime, CaO + H a O = Ca(OII) 2 . 

The great solubility of the gas in water is easily proved by 
passing up a little water into some of the gas confined over 
mercury. If the ammonia is free from air and enough water 
is used, the whole of the gas is immediately dissolved. Its 
solubility is greater than that of any other gas, one volume 
of water at 15° dissolving 802 volumes of ammonia, and 
during the solution of the gas a development of heat occurs. 
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llio aqueous solution of ammonia, at one time called spirit 
ef hartshorn, lias the pungent odour of the gas. When a 
concentrator solution is heated the gas escapes, together with 
very little aqueous vapour, and the solution becomes more 
dilute, until dually, after it has boiled for some time, all the 
ammonia is expelled. The aqueous solution is a commercial 
product (p. 267), and contains about 3G per cent, of ammonia, 



its specific gravity being about 0*88. Ammonia is conveniently 
obtained in the laboratory by ymtly heating this aqueous 
solution and passing the gas through a vessed ( c , fig. 75) 
containing quicklime to dry it. 

Ammonia is non-inflammable under ordinary conditions, 
and extinguishes a lighted taper and other ordinary flames ; 
in an atmosphere of oxygen, however, ammonia burns with a 
yellowish, green-edged flame. This can lie shown by passing 
a stream of oxygen through the tube (a, fig. 75) and a stream 
of ammouia through the tube (b), and applying a light to the 
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latter. A mixture of oxygon and ammonia in suitable •pro- 
portions explodes violently when ignited. • 

A flame of dry ammonia burning in dry oxygeji deposits a 
liquid on a cold vessel held in it, and with the aid of a 
cooling apparatus similar to that used in burning hydrogen 
(p. 104), a sufficient quantity of this liquid, can be collected 
and identified as water. Ammonia, therefore, is a compound 
of hydrogen. If it contained only 1 per cent, of free hydro- 
gen it would not be compfetely soluble even in fifty times 
its own volume of water. 

The presence of combined hydrogen in ammonia is also 
shown by passing a stream of the dry gas through a tube 
Containing heated copper oxide ; water is formed, aiuj a 
colourless invisible gas, which can he identified as the pufts 
element nit royon , is liberated ; hence ammonia is a compound 
of nitrogen and hydrogen. 

In this experiment dry ammonia is passed through the 
cold tube containing the copper oxide, until all the air 
is expelled; the oxide is then heated, and after a shqrt 
time the escaping gas is collected over mercury. A little 
dilute sulphuric acid floats on the mercury in the gas 
cylinder so that any' unchanged ammonia may be ab- 
sorbed (j>. 26(1). In order to prove that the gas so obtained 
is nitrogen, it may be ‘sparked’ with oxygen (p. 247); but 
to prove that it is pure nitrbgcn the density of the dry gas 
may be determined. 

A quantitative analysis of ammonia may also be based 
on this reaction. An unknown weight or volume of the 
gas is passed very slowly over heated copper oxide, and 
the nitrogen is collected ; from the volume of this gas, the 
wciyht of the nitrogen is calculated, the weight of the 
hydrogen being found -from the loss in weight of the copper 
oxide tube. The relatirc weights of the gases in the unknown 
weight of ammonia are thus found to he, hydrogen l f 
nitrogen 4*6. As the atomic weight of nitrogen is 14, the 
weight of hydrogen which is combined with 14 units or 
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1 atom of nitrogen is — 7-7- = 3 units or 3 atoms : hence the 
• 4*6 

empiycal formula of aimnonia is NH 3 . Now the density of 
ammonia is 8*5, so that its molecular weight is 17, which 
corresponds with the molecular formula JS r lI 3 . 

Ammonia, like Jiydrogen sulphide*, is decomposed into its 
elements when it is strongly heated. When some of the dry- 
gas (say 30 c.c.) confined over mercury (in the apparatus, fig. 
60, p. 162) is ‘sparked’ during some hours, its volume slowly 
increase* (say to 40 c.c.); if, then, the volume of the un- 
changed ammonia is measured hy admitting a few drops of 
dilute sulphuric acid and noting the contraction (say 20 c.c.) 
whjcli occurs, it is found that the ammonia which has been 
decomposed (10 c.c.) has given 20 c.c. or twice its volume of gas. 
This is a mixture of 5 c.c. of nitrogen and 15 c.c. of hydrogen.* 

This volume relationship is expressed by the equation, 

2 NH,= X* +3H 2 
2 vols. - 1 vol. + 3 vols., 

and such a qualitative and quantitative result could not be 
obtained except with a compound of the molecular formula 

* H 3‘ 

Although ammonia is a compound of hydrogen, its solution 
in water is not an acid, but has different properties altogether; 
it has a soapy feel, and turns red litmus blue, just as does 
a solution of sodium hydroxide (p. 253) and other strongly 
basic hydroxides. The substance in solution, therefore, is 
classed as an alkali (pp. 79, 253). 

Now, when an aqueous solution of ammonia is neutralised 
with hydrochloric acid, using litmus as indicator (p. 257), and 
then evaporated, crystals of the neutral odourless compound, 
sal-ammoniac or ammonium chloride, are obtained. 

As ammonium chloride does not volatilise with water vapour, 
whereas aqueous solutions of ammonia or of hydrogen chloride 

* The composition of this mixture is determined by exploding it with 
oxygen. 
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leave no residue on evaporation, it does not matter whether the 
hydrochloric acid is added in excess or not ; in either case pure 
ammonium chloride remains on evaporating to dryness, the exceSs 
of ammonia or of hydrogen chloride passing away. • If, therefore, 
pure ammonium chloride is required an indicator is not used, and 
the dilute solution of ammonia is merely added to the dilute acid 
until the latter smells faintly of ammonia. 

Ammonium chloride is also formed when ammonia and 
hydrogen chloride are brought together. If two gas-jars 
containing the roughly dried gases and closed with glass 
plates arc brought mouth to mouth and the plates are 
then removed, dense white fumes are formed, with develop- 
ment of heat, and these settle as a crystalline layer o» the 
sides of the jars. 11‘ equal volumes of the two gases^are 
brought together over mercury no gas remains, and ammoniiftn 
chloride is the only product ; hence ammonium chloride is 
formed hy the combination of equal numbers of molecules ol 
ammonia aiul hydrogen chloride, 

NH 3 + HC1 = MH 4 C1. 

Ammonium chloride gives a precipitate of silver chloride 
when it is added to a solution of silver nitrate. The com- 
bined chlorine in the -pure compound can thus be estimated 
(p. 152), and is found to be 66*0 per cent., a result which 
corresponds with the above formula. 

All chlorides hitherto described may be regarded as salts 
derived from hydrogen chloride by displacing its hydrogen by 
an ecpii valent of some metal, and one method of preparing 
such chlorides is to treat a basic hydroxide with hydrochloric 
acid, 

Na(OH) + IIC1 = Nan + H.,0 
Ca(( >11). + 211C1 = CaCU + 211.0. 

Mow, if ammonium chloride is also to be regarded as a salt 
derived from hydrogen chloride, the atom of hydrogen must 
have been displaced by the group of atoms (NH 4 ). The fact 
that an aqueous solution of ammonia, like that of sodium 
hydroxide and other basic hydroxides, has an alkaline 
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reactton seems to show that the ammonia has combined with 
the water to form a basic hydroxide, JI 4 (OII), 

, t NH 3 + H 2 0 = NII 4 (0H). 

As such a com])ound has never been obtained from the 
solution, it may also be supposed that it is it net able, and 
decomposes into ammonia and water when* its solution is 
evaporated. That such a compound actually exists in the 
solution, however, is probable from a study of its derivatives, 
just as in the case of sulphurous acid (p. 233) and carbonic 
acid (p. 271), and it is called ammonium hydroxide. 

The "roup of atoms (NH 4 ) which is contained in ammonium 
hydroxide, ammonium chloride, and many other compounds 
is kjiown as the ammonium radicle. As this radicle displaces 
hydrogen from acids it is a baric radicle , , and as it displaces 
or is equivalent to one atom of hydrogen it is a univalent 
radicle. The radicle ammonium, in fact, corresponds in many 
ways with a single atom of sodium, 

XIf 4 (OTI) K1I 4 C1 (NH 4 )*S0 4 

Ka(OH) XaCl Xa 3 80 4l 

and ammonium chloride and other compounds which may be 
regarded as derived fiom acids by displacing their hydrogen 
by (Xll 4 ) arc called ammonium rail*. 

Ammonium sulphate, (NH 4 ) 2 S0 4 , is obtained in colourless 
crystals when dilute sulphuric acid is neutralised with a dilute 
solution of ammonium hydroxide, and the liquid is then 
evaporated, 

H l> S0 4 + 2NII/OTJ) - (NH 4 ),S0 4 + 2II 2 0. 

The reaction may be regarded as chemically similar to that 
which occurs when sulphuric acid is neutralised with sodium 
hydroxide (p. 254). 

In preparing ammonium sulphate in this way the -ammonium 
hydroxide is added in slight excess (until the solid ion smells of 
ammonia). On evaporating, any excess of ammonium hydroxide is 
volatilised, whereas if excess of sulphuric acid were used this com- 
pound would not escape with the steam, and the product would be 
impure. 
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Ammonium sulphate is prepared in large quantities from 
gas-liquor (p. 11K), which is the principal source of ammonia 
and its salts. This yellow, watery fluid, obtained in the 
manufacture of coal-gas, is an aqueous solution of many com- 
pounds, of which the more important are ammonium sulphide 
and ammonium carbonate (p. 276). Coal, Jike most vegetable 
and animal matter, contains compounds of nitrogen and of 
sulphur, and during the highly complex process of destruc- 
tive distillation ammonia and hydrogen sulphide are produced 
in small quantities. The ‘ liquor ’ is boiled with milk of 
lime, which decomposes all the ammonium salts present, 

(X rr 4 )oS + Ca(( )1I), - 2N H, + UuS + 211,0 
(Ml. 1 )X() 3 -fCa(OH).,-2Nir : -f CaC0 3 + 2H,f), . 

and the ammonia which escapes is passed into an acid in 
order to obtain the desired salt, or into water if ammonium 
hydroxide solution is required. 

The ammonium sulphate manufactured in this way is 
largely used as a manure to supply crops (especially the 
sugar-beet) with the nitrogen compounds which are essen- 
tial to their growth (p. 139). 

Ammonium nitrate/ (NIIJNO.,, is formed when dilute nitric 
acid is neutralised with ammonium hydroxide and the solution 
evaporated ; it is colourless and crystalline. 

Ammonium sulphide is formed when hydrogen sulphide is 
passed into a solution of ammonium hydroxide, 

SU 2 + 2NII 4 (< >11) - (NH 4 )oS + 21 L,0 ; 

hut if the stream of gas is continued, the normal sulphide is 
converted into ammonium h y< lro{(/n))-su I ph iric, 

sh 2 + (mi 4 yp « 2(nh 4 )sii. 

Solutions of these salts are used in the laboratory ; when 
they are evaporated they leave no residue. 

All ammonium salts are soluble in water, and many of 
them sublime when they are heated, leaving no residue, 
hut ammonium nitrate is completely decomposed (p. 268 ). 



268 


AMMONIA. r 


Amiribniu (or ammonium hydroxide) is sometimes called a 
volatile alkali in distinction to the non-volatile or ‘fixed 
alkalis,’ sucli,as sodium hydroxide. 

When any ammonium salt is heated with sodium hydroxide, 
calcium hydroxide, or other ‘fixed’ basic hydroxide, ammonia 
is liberated, and may be identified by its smell and by its 
action on a red litmus paper. 

The quantity of ammonium hydroxide (or of ammonia) in 
an aqueous solution is easily estimated by titrating with a 
standard solution of au acid (p. 256). As all ammonium 
salts are decomposed by sodium hydroxide, the quantity of 
any l^nown ammonium salt in a given sample (or solution) 
may be estimated by heating a weighed (or measured) quan- 
tity with excess of sodium hydroxide, passing the evolved 
ammonia into a known volume of standard acid, and then 
finding the excess of acid (the quantity which has not lieen 
neutralised) by titrating with standard alkali. 

Example.. — 0*35 g. of a sample of impure ammonium chloride 
was heated with excess of sodium hydroxide solution, and the 

N * N 

evolved gas passed into 100 c.c. of — sulphuric .acid. 34*8 c.c. of ~ 

sodium hydroxide solution were required for neutralisation. Hence 
65*2 c.c. of acid had been neutralised by ammonia. 1 c.c. of 

H 2 SO 4 =0*0049 g. H 2 S0 4 =0*0017 g. NH 3 ; therefore the weight of 

NH 3 evolved was 65*2 a 0 0017 =0*1 108 g., and the percentage of 
ammonia in the salt 31*7. 

Nitrous Oxide. 

When ammonium nitrate is gently heated it first melts and 
then begins to effervesce, and finally disappears completely. 
If some of this salt* is cau1ion.nl y heated in a llask provided 
with a delivery-tube, a colourless (and therefore invisible) gas 
may be collected by displacement over hot water; it is rather 
readily soluble in cold water (its solubility at 15° is 78), but, 

* Or a mixture of potassium nitrate and ammonium sulphate, whioh gives 
ammonium nitrate and potassium sulphate by double decomposition. 
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as is the case with all gases, its solubility diminished as the 
temperature of the solution rises. # 

The gas has a sweetish smell, and if inhaled ^’n small quan- 
tities it causes a sensation of hilarity (for which reason it is 
sometimes called ‘laughing gas’) ; in larger quantities it pro- 
duces unconsciousness, and is used for this. purpose in dentistry 
and in small surgical operations. The gas does not burn. A 
glowing chip placed in it bursts into flame;* carbon and 
phosphorus also burn in it brightly, and it is easily proved 
that carbon dioxide and phosphorus pentoxide respectively 
are produced. It is obvious, therefore, that the gas contains 
either free or combined oxygen. 

Now free oxygen in a gaseous mixture can be detected with 
the aid of nitric oxide (p. 244). If some nitric oxids is 
bubbled into some of the (air-free) gas obtained from am- 
monium nitrate and confined over mercury or water, the red 
gas nitrogen totroxide (p. 246) is not formed. The gas, 
therefore, is a compound of oxygen, and as it is formed from 
ammonium nitrate, (NH 4 )N0 8 , it may also contain combined 
nitrogen ur hydrogen or both. 

When the gas, dried with calcium chloride, is passed over 
strongly heated iron, an oxide of the metal is formed and 
nitrogen is liberated (compare nitric oxide, p. 244); water is 
not produced, as is the case with nitric acid (p. 238). Hence 
the gas is a compound of nitrogen and oxygen, and is called 
nitrous oxide. Now the density of the gas is 22, and there- 
fore its molecular weight is 44 ; its molecular formula is thus 
found to be N„0, since 2x 14+16 = 44. 

This conclusion may be confirmed by exploding nitrous 
oxide with hydrogen, when it is found that a mixture of 
1 volume of nitrous oxide and 1 volume of hydrogen gives 

* As a large proportion’ of water vapour is formed, as well as the gas, on 
heating ammonium nitrate, and as the gas collected over hot water con- 
tains so much aqueous vapour that it generally extinguishes a glowing chip, 
the samples used in these experiments may he dried with the aid of quick- 
lime (compare fig. 75, p. 2G2) and collected by the upward displacement of 
*ir (p. 201). 
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water (which condenses) and 1 volume of nitrogen. This 
result is expressed by the equation, 

NU) + ir 2 - N, + H a O 

1 vol. 4- 1 vol. = 1 vol., 

and could only be obtained with a compound of the 
molecular formula, N 2 (J. The formation of nitrous oxide 
from ammonium nitrate is represented thus, 

(NH 4 )N0 3 = X 2 0 + 2H 2 0. 


The different compounds of nitrogen and oxygen which 
liaveMiow been described (pp. 240, 243, 24(5, 2(5S) afford an 
excellent illustration of the law of multiple proportions. The 


analysis of those compounds shows 
following percentage compositions : 

that they 

have the 

N ill oils 

Nil lie 

Nitrogen 

Tetruxide. 

Nitrogen 

Ovule. 

Ox'i'h*. 

Pentoxide. 

Nitrogen . . 637 

467 

30 5 

26 0 

Oxygen . . 36 3 

63*3 

61) *5 

74*0 

If now the weights of oxygen 

combined 

with a fixed weight of 

nitrogen, say with 1 g., are 

calculated, 

the following values 

are obtained, 




Nitrous 

Nitric 

Nitrogen 

Nitrogen 

Oxide. 

Oxide. 

Tutroxule. 

Pe.ntoxule. 

Nitrogen . . 1 

1 

1 

1 

Oxygen . . 0*5 7 

1 *14 

2*28 

2*85 


that is to sav, the weights of oxygen which combine with a 
fixed weight of nitrogen arc in the simple ratio, 1 : 2 : 4 : 5 ; 
and these facts are expressed hy the formulae, N.>(), NO, 
N a 0 4> and N\,< ) 5 .t 

The difference between a compound of nitrogen and oxygen 
and a wUture of nitrogen and oxygen, such as the air, is also 
emphasised hy these data. In the former the elements are 

* Another oxirle of nitrogen, N 2 0 : ,, i« known. 

t This is also clearly scon by considering the number of oxygen atoms 
which would be present in any weight of gas which contained 28 units or 
tiffb atoms of nitrogen ; the numbers would be 1, 2, 4, and 5 respectively* 
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present in simple ratios of tlieir atomic weights, which A the 
case with all com pounds, since they are formed hy the com- 
bination of indivisible atoms in fixed proportions^ in the case 
of air and other mixtures of elements there is no necessary 
relation between the relative weights of tlieir components, 
which may bo present in any proportion. 


CHAPTER XXX. 

Acids Composed of Carbon, Hydrogen, 
and Oxygen. 

Carbonic Acid and its Salts. % 

An aqueous solution of carbon dioxide lias a sharp taste 
and turns' blue litmus a dull-red colour; it chemically dis- 
solves certain metals (magnesium, iron), giving hydrogen and 
a salt of the metal, and also neutralises basic hydroxides, such 
as calcium hydroxide and sodium hydroxide, forming salts 
(CaCO n , Nn a CO s ). The examination of these salts shows 
that they are derived from an acid of the formula II 2 CO fi , and 
it is therefore concluded that the aqueous solution of carbon 
dioxide contains a compound, which is called carbonic 

acid, and which is formed by the combination of carbon 
dioxide and water, just as sulphurous acid, 1 IoSO { , is formed 
from sulphur dioxide and water (p. 235); carbon dioxide, 
therefore, is also called carbonic anhydride (p. 233). 

Carbonic acid, like sulphurous acid, only exists in aqueous 
solution ; when its solution is evaporated, the acid is decom- 
posed and carbonic anhydride escapes. Carbonic acid is 
dibasic (p. 254) ; many of its salts, which are called car- 
bonates, are of great importance. 

Normal calcium carbonate has already been described 
(p. 70) ; its formation from calcium hydroxide, aud carbonic 
acid is expressed by the equation, 

Ca(OH) 2 + I1 2 C0 3 = CaC0 3 + 2H 2 0. 
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When it is strongly heated it decomposes (CaCO s 
==CaO + CO.,), and when placed in hydrochloric, sulphuric, 
or nitric acid, it gives carbon dioxide, water, and a salt of the 
acid which is used, 

CaC0 3 + 21IC1 = CO. + 11,0 + CaCl 2 
CaCq, + 1I.SO, - C(\ + li 3 () + CaS0 4 . 

When a little calcium carbonate is suspended in water, and 
carbon dioxide is bubbled through the suspension, the calcium 
carbonate slowly disappears ; the normal salt and the acid 
act on one another, forming calcium hydrogen carbonate (a 
hydrogen salt), just as normal sodium sulphate and sulphuric 
acid*give sodium hydrogen sulphate (p. 258), 

CaC0 3 + 1 1 ,C0 3 = Ca(HC( ) 3 ), 

Na 2 S0 4 + H.S( ) 4 = Na,(HK< )“) 2 or 2XaHS0 4 . 

Calcium hydrogen carbonate (often called calcium bicar- 
bonate) is soluble in water, so that when a stream of carbon 
dioxide is passed through lime-water, although insoluble 
calcium carbonate is precipitated at first, the precipitate dis- 
appears again, as just stated, when the stream of gas is 
continued, owing to the formation of the soluble calcium 
hydrogen carbonate. When a solution of this salt is boiled, 
the salt decomposes, carbon dioxide is evolved, and calcium 
carbonate is precipitated, 

Ca(IIC< ) :j ) 2 - C< K + 11,0 + Ca( J0 3 . 

When lime-water is added to a solution of calcium hydrogen 
carbonate, the normal salt is formed (and precipitated), just 
as normal sodium sulphate is produced on adding sodium 
hydroxide to sodium hydrogen sulphate, 

Ca(HCO. J )., + Cn(OU) , - 2CaCO, + 2JI 2 0 
NaHS0 4 + Na< >11 - Xa 2 S0 4 + 11, 0. 

Magnesium carbonate, MgC0 3 , is very similar to calcium, 
carbonate in most respects, and occurs in nature as magnetite; 
it is also contained in dolomite or magnesian limestone, u 
rock very' similar to limestone, but which is a mixture of 
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calcium and magnesium carbonates, often coloured by small 
quantities of iron compounds (p. 75). • 

Magnesium hydrogen carbonate, Mg(HCO ;j ) 2 , is formed 
from the normal salt, MgC0 3 + ir 2 C0 3 = Mg(HC0 3 )o, and is 
very similar to calcium hydrogen carbonate in properties. 

Dilute aqueous solutions ’ of calcium hydrogen carbonate 
and of magnesium hydrogen carbonate occur in nature. 
'When rain and other natural waters which contain dissolved 
carbon dioxide (carbonic acid) come into contact with lime- 
stone, marble, chalk (or dolomite), calcium (or magnesium) 
hydrogen carbonate is formed and passes into solution. 
Sometimes the solution then runs to the roof of a cave or 
iissui i in the rock, remains suspended for some time, gnd 
then drops; during its exposure to the air the solution 
evaporates, some of the soluble hydrogen carbonate is con- 
verted into the insoluble carbonate (carbon dioxide escaping), 
and this salt is deposited as an extremely thin layer on the 
roof and Hour of the cave. During countless ages a sort of 
icicle of calcium carbonate is formed above, and a conical 
hill or pedestal rises to meet it helow ; these formations, often 
translucent and beautifully coloured, are known as stalactite* 
and staff tf f miles respectively. 

Tlie presence of the hydrogen carbonates of calcium and 
magnesium in natural waters greatly affects the behaviour of 
such waters when they are used for domestic and manufac- 
turing purposes ; thus when such waters are boiled, they give 
a precipitate of the normal carbonate, part of which may 
adhere to the vessel, forming a stony layer or deposit (‘ fur* 
of kettles, boiler incrustations) which is a very bad conductor 
of heat, and which may choke up connecting-pipes. Further 
details are given later (p, 280). 

Sodium carbonate, :N aXM ) !{ , has already been described ; it 
separates from water in hydrated efflorescent crystals (soda- 
crystals), Nu 2 C(\ t9 10H 2 O, and although it is a normal salt, its 
solution lias an alkaline reaction to litmus. The anhydrous 
salt melts »fc a bright-red heat, but does not decompose. 

toor*. a 
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A solution of sodium carbonate is used in the preparation 
of other carbonates ; thus with solutions of (a) copper nitrate, ; 
(b) calcium sulphate, and (c) calcium hydroxide, sodium car- j 
bonate gives a precipitate of copper carbonate or calcium 
carbonate as the case may be, 

(a) Cu(NQ 8 ) 2 , + Ka.,CO, - CuCC), + 2NaN0 3 (p. 45) 

(b) CaS0 4 + Na 0 CO :J - Ca0O 3 + NaJ30 4 

(c) Ca(01f) 2 + Na 2 C0 3 = CaC0 3 + 2NaOH (p. 78). 

In these double decompositions an insoluble carbonate is 
formed and precipitated (compare p. 149). 

Sodium carbonate is manufactured in large quantities from 
sodium chloride (common salt). In the Le Blanc process, 
w]iifch was worked out by a French apothecary of that name, 
sodium chloride is first converted into sodium sulphate [salt- 
cake) by heating it with sulphuric acid, 

2XaCl + H a S0 4 = Na,Sf> 4 + 2IIC1, 

and the hydrogen chloride which is evolved is dissolved in 
water, the solution forming commercial hydrochloric acid. 

The sodium sulphate is then heated with coal-dust and 
crushed limestone in suitable furnaces, tin; final result of 
which is tlie formation of sodium carbonate, calcium sulphide, 
and carbon dioxide, 

Na 2 S0 4 + 2C Na 2 R + 2C0 2 
Na“s + CaCO :l = NiijjCOj, + Ca.S. 

The black product (black-ash) is treated with water, which 
dissolves the sodium carbonate, leaving a residue (alkali -waste) 
of highly impure calcium sulphide ; the hot aqueous solution, 
after having been evaporated, gives crystals, iVa 2 C( II 2 0, 
which are then heated to expel the water of crystallisation, n 
the dehydrated salt being sold as soda-asb or calcined soda. 
If the crystals are deposited at ordinary temperature soda-,, 
crystals are obtained.* These and other commercial pro- * 

* Many substances beliavc like Nn^COj, and take up different proportion* , 

. of wa|er & crystallisation at different temperatures, but under fixed con* -: 
ditionsthe relative weight* of the substance end of the waterman? ooustant , 
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ducts are often very impure owing to the reactions being 
incomplete, or to secondary reactions taking place, or to 
contamination with iron and other materials jisod in the 
construction of the apparatus; thus commercial soda-a&li 
obtained by this process usually contains only about 85 pet 
cent, of Na 2 C0 3 . 

Jn the Solvay, or ammonia-soda, process for the manufac- 
ture of sodium carbonate, carbon dioxide is passed into a 
solution of sodium chloride containing ammonium hydroxide; 
sodium hydrogen carbonate, which is relatively sparingly 
soluble in the is precipitated, 

NaCl 4- CO, 4- NH 4 (( >11) = NaTICt >, 4- NH 4 C1, • 
or CO a 4- NH 4 OII - NH 4 HC< 
and NII 4 UC0 3 4- Nad - NnHC0 3 + XJI 4 C1. 

This salt (sec below) is separated and is gently heated, 
whereupon it is converted into normal carbonate, water, and 
carbon dioxide ; the product is almost pure, 

2 NaHC0 3 = JNhi,CO, 4- 11,0 4- C0 2 . 

Sodium carbonate is used ill the manufacture of soap 
and glass, in the bleaching and dyeing industries, and in 
the manufacture of caustic soda (sodium hydroxide, p. 78). 
For the purpose last mentioned, the solution obtained by 
treating ‘ black-ash ’ with water (p. 274) is heated with the 
right proportion of milk of lime ; calcium carbonate is formed, 
and after being allowed to settle, the clear caustic liquor is 
run off and then evaporated in iron pans. 

Sodium hydrogen carbonate, NallCO.., may he prepared 
by passing carbon dioxide through chambers containing soda- 
crystals placed on gratings; the gas is slowly absorbed, giving. 
< the anhydrous hydrogen salt, water escaping, 

NooCO.j, 10H,O 4- C0 2 = 2NalIC0 3 4- 9TT,0. 

The solubility of this salt at 15° is about 9; its solution 
has a neutral reaction to litmus although it is a hydrogen 
Balt; the salt decomposes when its aqueous solution is boiled 
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or wlfbn it is heated alone, the normal salt being formed (see 
aljove). 

Sodium hydrogen carbonate mixed willi some harmless 
vegetable acid such as tartaric, acid (]>. 2<S2) is used in 
baking; the. carbon dioxide which is liberated when the 
mixture (baking powder) is damped or heated makes the 
dough porous. Similar mixtures, sweetened and flavoured, 
arc used in making effervescing drinks. 

Potassium carbonate, is a salt very similar to 

sodium carbonate in most respects. Potassium compounds 
occur in all plants, and the ash which icmains when 
vegetable matter is burnt is rich in potassium carbonate. 
At one time potassium carbonate was obtained almost 
entirely from wood asdics; the ashes were treated with 
water and the solution boiled down in pots, Ihe residue living 
known as 1 pittmih**#* ('rude potashes are veiy inquire; the 
purified material is known commercially as /M/rf-ax/t, and is 
used in making soft soap and caustic potadi, KOII. Potas- 
sium carbonate is very soluble, in water (its solubility is 112 
at 20°), and .although it is a normal salt, its aqueous solution 
is alkaline to litmus. 

Ammonium hydrogen carbonate, (NH 4 )IIO)., is formed 
when oxcc.'S of carbon dioxide is parsed into a solution of 
ammonium hydroxide, and is obtained in crystals when the 
solution is evaporated ; it. volatilises when it is healed. The 
* ammonium carbonate' of commerce is obtained by beating 
a mixture of ammonijim chloride and calcium carbonate; 
the product, which sublime*, leaving a. residue of calcium 
chloride, is a mixture of ammonium hydrogen carbonate and 
another ammonium salt, (ammonium carbamate). 

The normal carbonates of most of the common metals are 
insoluble water, and are decomposed at relatively low 
temperatures (compare copper carbonate, p. 4f>), giving car- 
bon dioxide and an oxide of the metal. All carbonates are 
decomposed by acids .just as is calcium carbonate, so that they 
are often used in making other salts. 
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AcitTic Acid. 

T1 1 o liquid which is collected when wood is submitted to 
destructive distillation (p. 114) in iron retorts separafes into 
two layers. The lower out* is a black, Marry* mixture of 
many compounds, and is called wood creosote; it is used for 
preserving wood, as it prevents the growth of moulds, &c. 
The upper layer, a dark-brown, watery solution called pyro- 
ligneous acid, contains two important compounds, namely, 
tirrfir (tritf aurip methyl alcohol or wood -spirit ([>.127). 
When this aqueous solution is neutralised with milk 
of lime the acetic acid is converted into a salt, rafrittm 
r/c"/o/e, which is imt volatile; on the liquid being then 
healed, the volatile methyl alcohol and water pass olf ^ml 
are condensed, a brown solid residue of calcium acetate re- 
maining in the retort. 

When calcium acetate is mixed with sulphuric acid, acetic 
acid and calcium sulphate- are formed, and the fonncr, being 
volatile, can be separated from the latter by distillation. 
Alter other operations the crude acetic acid is cooled, and the 
crystals of the acid which are then formed aie separated from 
tin* moihei liquor, which contains water and other impurities. 

Acetic acid forms colourless cry Mills which melt at 16’7°; 
as it. is hygroscopic and its melting-point is lowered hy the 
presence of water (compare p. 10), it is seldom seen as a 
solid except ill winter.* It is miscible with water, and its 
aqueous solution has a sour taste, turns blue litmus red, and 
chemically dissolves some metals, forming salts, hydrogen 
being liberated. 

The vapour of acetic, acid hums with a noil-luminous flame, 
water and carbon dioxide being formed. 

The percentage composition of acetic acid may be found by 
burning a known weight of the pure compound exactly as 
described in the case of mignr, and weighing the products of 

* Acetic acid which contains only a little water, ami which therefore 
freezes easily to an ice-like mass, is called r flttcial acetic acid. 
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combustion ; the results show that acetic acid contain| 
40*0 per cent, of carbon, 6‘6G per cent, of hydrogen, and 
. (by difference, p. 125) 5 3 3 per cent, of oxygon. J)i vhling j 
those numbers by the atomic weights of the respective ’ 
elements and llicn simplifying tlio ratio, the empirical 
formula (p. 202) of acetic acid is found to be CH.,0, 

Carbon, 4000 - 12 = 333] 

Hydrogen, 0*60 — 1 - 6*60 l ami 3-33 : G*GG : 3*33 as 1:2:1. 
Oxygen, 5333 - 10 - 333 J 

Xow the density of acetic acid vapour is found to be about 
30 ; therefore the molecular weight of tin* compound is GO, 
and ifcs molecular formula is ( (24 + 4 + 32). 

'When acetic acid is treated with sodium carbonate, carbon 
dioxide is evolved, ami milium aretale is formed : after the 
solution has been concentrated, this salt separates in colour- 
less hydrated crystals, which are readily soluble in water. 
'Concentrated aqueous solutions of sodium acetate and silver 
nitrate mixed together give a colourless crystalline precipitate 
of silver acetate ; this salt is only sparingly soluble in cold 
water, with which it may be ‘ washed.’ 

Silver acetate is decomposed when it is heated, giving 
gaseous products and a residue of silver; by heating a known 
weight of pure (dry) silver acetate and weighing the residue 
the percentage of silver may be determined. 

A complete analysis of silver acetate may be made in tlic 
game way as that of acetic acid, the residue of silver being 
also weighed ; from the percentage results, which are given 
below (oxygen, by difference), the formula of silver acetate is 
found to be C 2 H :i Ag0 2 or AgC 2 T[y0. 2 , 


C = 14*4 -r 
T1 -- 1*8 — 


12 = 1-2 and 1-2 


1 -1*8 and 1*8 -0*6 = 3 


(HU 2 


V Ag -- 64*4 - 1 07 -- 0 *6 and 0 6 - 0*6 - 1 .a 

^ O -19*3- 16- 1*2 and 1*2— 0*6 = 2. i t 

Th*$| and many other facts show that although acetic acid"'^ 
^ow&ins^four atoms of hydrogen, only one of these atoms 
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displaced when the acid forms salts; acetic acid, therefore, 
is monobasic (p. 254). ^ 

The metallic salts of acetic acid, the acetates , are all soluble 
in water. Sodium afcetate, NaC^H.,0^ + 3H 2 0, and calcium 
acetate, Ci^QjHaO^ + II 2 (), may be prepared in the labora- 
tory by neutralising the acid with the corresponding basic 
hydroxide, 

2C*H 4 0 4 + Ca(OH), - Ca(CJIX),) 2 + 2H 2 0, 
or by treating the acid with the corresponding carbonate, 
2C.,I^b 2 + Na,( ’0 ;t = 2NiiC,H.,0., + C0 2 + 11,0. 

Lead acetate, Pb(C 2 l I 3 0.,) 2 + 3H/>, is prepared by chemi- 
cally dissolving oxide of lead in acetic acid, * 

Pbo + 2 <j 2 i i 4 c >, = pb(c 4 - 1 i 2 o f 

and evaporating the solution ; it has a sweetish taste, and is 
commonly known as ‘ sugar of lead,' but, like all soluble lead 
salts, it is very poisonous. 

Vinetjar is water containing 4-10 per cent, of acetic acid 
and small (juantities of various other compounds which give 
it colour and aroma ; it is prepared from weak wines and 
other liquids which contain alcohol (p. 126). 

Fatty Acids and Soaps. 

Vegetable oils, such as .palm oil and cocoa-nut oil, and 
animal fat (lard, suet-fat) are insoluble in water, but when 
such oils and fats are boiled with caustic soda solution, the 
compounds contained in them are decomposed, and a ‘soapy' 
aqueous solution results. On adding salt (sodium chloride) 
to this aqueous solution, there is formed a curdy precipitate* 
which can be separated and pressed.* This product is ordi- 
r nary hard soap (which may bo scented and coloured before it 
is sold). ' ’ J 

When an acid is added to an aqueous solution of soap, ft , 
pasty or fatty mass separates, and it has been found that this 

r j. i 

• ' * Soap is soluble in pure water, but not in very salt water. t 
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material is a mixture of several acids, all of which, like acetic 
acid, are compounds of carl >on, hydrogen, and oxygen. The 
principal acids which arc, thus obtained from soap (and 
therefore from vegetable oils and fats) are palmitic and 
stearic acids (two compounds which are very like fat in out- 
ward properties, and which are called fattij arid , *) and an oily 
liquid called oleic acid. A mixture of these two fatty acids 
with a little paraffin wax is used for the manufacture of 
stearin candles, commonly called wax candles. 

Ordinary hard soap consists principally of ujkunp mixture 
of the sodium salts of palmitic, stearic, and oleic acids. Soft 
soap is a mixture of the potassium salts of these acids, and is 
prepared by heating oils and fats with potassium carbonate 
(]}.*276) instead of with caustic soda or sodium carbonate. 

Hand and Soft Waters. 

When shavings of soap are vigorously shaken with distilled 
water for about a minute, an opalescent solution is obtained, 
and a great froth or hither, which remains for some minutes 
after shaking has ceased. If now any aqueous solution of a 
calcium or magnesium salt is added, and Lho solution is again 
shaken, the lather breaks down, and an insoluble curdy scum 
is formed. The reason is that the soluble sodipm salts of the 
palmitic, stearic, and oleic acids and the soluble calcium or 
magnesium salt act on one another, giving insoluhlr calcium 
or magnesium salts of the three .acids just named. This 
double decomposition may he exemplified thus, 

Sodium calcium _ calcium sodium 
stearate sulphate stearate sulphate. 

Now with some kinds of natural waters soap behaves as 
it docs with distilled water, and gives a solution and a good' 
permanent lather, hut no curd. Such waters are free from 
calcium and magnesium salts, and are called ‘ soft waters / 
Many natural waters, however, contain one or more of the 
following salts. 


M 
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L Calcium hydrogen cavbonate, Ca(HC0 3 ) 2 ; magnesium 
hydrogen carbonate, Mg(HCO ;1 ) 2 ; • 

IT. Calcium sulphate, CaS0 4 ; magnesium sulphate, MgS0 4 ; 
calcium chloride, CaCl, ; magnesium chloride, MgCJ 2 ; 
and all such waters give with soup curdy masses instead of a 
lather. S uch arc called ‘ hard waters. 9 

Hard waters, however, are different in behaviour according 
as they contain salts of group 1. or group II. The. salts of 
group 1. are decomposed when the water is hoiled, and are 
precipitated as insoluble normal carbonates (p. 271), 

Ca(lIC( - CaC< > s + C< ), + IT,0, 

* 

so that when the boiled water is run off from the deposit it is 
then quite soft, and gives a clear solution and a permanent 
lather with soap. Waters containing the salts of group I. 
have thus come to be called ‘temporarily bard ’ waters, and 
their hardness is spoken of as ‘temporary hardness.’ Such 
temporarily hard waters may also be softened by adding to 
them a quantity of milk of lime equivalent to (p. 176) the 
calcium hydrogun salt present. This salt and the calcium 
hydroxide are thus converted into and precipitated as in- 
soluble normal carbonate, and the water is then free from 
soluble calcium salts, 

Ca(TIC( g + Ca(OH), - 2CaC( > 3 + 2H,0. 

Similarly with magnesium hydrogen carbonate, 

Mg(TIC( ),), 4- Cn(OH) > MgC( >, + CaCO, + 211,0. 

This process for softening temporarily har<l waters is known 
as Clarke’s ppoefe. Unless such temporarily hard waters are 
softened, M, give rise to dense boiler incrustations when 
they are used for raising steam, and thus cause a great waste 
of fuel and the risk of hoiler explosions. Waters containing 
salts of group H. arc not softened when they are hoiled, as 
these salts are not converted into insoluble precipitates. Such 
waters are. called ‘ permanently hard ’ waters. 

When a solution of sodium carbonate is added to a per- 
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manently hard water, tlio sulphates and chlorides of calcium 
alid magnesium are precipitated as insoluble carbonates, 

• *CaS( ) 4 + Nn a CO, = CaC0 3 + Na*S0 4 j 

MgCL + Nn 3 C0 3 = MgCO, + 2N«iCl f V 

and, as the soluble sodium salts formed at the same time do ' \ 
not act on soap, the clear water is soft. This is wliy ‘wash- 
ing soda ’ is used for laundry-work, and for softening per- , 
manently hard waters for other purposes. When sodium 
carbonate is not used, the soap must bo added until all the 
.soluble calcium and magnesium salts have been converted 
into insoluble stearates (&c.) ; this leads to a waste of soap, 
and •the presence of the insoluble curd lias also many dis- 
advantages. 

The hardness of a natural water is generally due to the, ' 
presence of salts of both the groups I. and 11. ; that is to say, 
the ‘hardness’ is partly temporary, partly permanent. Such 
waters, however, may be softened by combining the two 
processes described above, and in other and heller ways. 

The ‘ hardness ’ of a water may be measured by finding - 
how much soap solution of a certain nt am lard strength is 
required to produce a permanent lather when it is shaken 
with a given volume of the hard water. The ‘hardness’ is 
then slated in certain units which are called ‘degrees of '» 
hardness.’ 

Tartaric acid. — Wine which has been kept for some time 
'Often contains a coloured crystalline deposit (an/ul), which ■ 
is sparingly soluble in cold water and consists principally of 
potassium hydrogen tartrate. Tartaric acid is prepared from 
this salt. 

Tartaric acid forms colourless crystals, and melts at 1 67°. 

It decomposes when heated more strongly, giving a charred, 
(carbonaceous) mass, which burns away completely when it h 
is heated in the air. The acid is readily soluble in water* ^ 
Its solution has a sour taste, turns blue litmus red, and 
composes carbonates, liberating carbon dioxide and fonnibg vy 
tartrate* 
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Tartaric acid has the formula C 4 H 0 O 6 , and is dibasic . Its 
normal potassium salt , K 2 C 4 H 4 O 0 , is readily soluble in watef, 
but its potassium lujdroym salt , l\C 4 lI a O tf , is oAly sparingly 
soluble. 

. Citric acid, another ‘ vegetable acid/ occurs in .and is 
obtained from lemon juice. It is a colourless, crystalline 
tribasic acid, and has the formula C,»H 8 (.) 7 . 

Oxalic acid, C 2 H 2 0 4 4- 21 I/O, occurs in certain plants 
(rhubarb, sorrel), and can be prepared from sawdust Its 
crystals a r o ^dr ate d^i i d readily soluble in water, the solution 
showing the OTOinSHt})roperties of an acid; the acid is 
dibasic, and is very pflnsonnus. * 

When oxalic acid is gently heated with sulphuric acid i6 is 
decomposed, giving carbon monoxide (p. 120), carbon dioxide, 
and water,* 

c 2 iU) 4 --Co+co.,+ir,o. 

The carbon dioxide may be absorbed by passing the mixed 
gases tli rough wash-bottles containing sodium hydroxide 
solution, and the carbon monoxide, when dried, is obtained 
in a state of purity. 


CHAPTER XXXI. 

Oxidation and Reduction. 

Many naturally occurring compounds or mixtures (sugar, 
starch, coal, wood, &c.) undergo ‘combustion’ in air or in 
oxygen ; in all these cases the products of combustion are 
oxides. Most of the elements also combine with oxygen, often 
with development of light and boat, giving the corresponding 
oxides. The frequent occurrence of such changes and their 
general importance led to the use of the term oxidation to 
express any change leading to the formation of an oxide. 

* The sidphuric acid is not decomposed, and therefore does not appear hi 
the^uatioiu f . 
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Thus the rusting of iron, the. burning of coal-gas or of ‘petrol,’ 
the ‘decay* of vegetable matter, the conversion of food in the 
body^into cfubnn dioxide nnd other products, are processes 
of oxidation ; the materials are said to he ojeitliml, and the 
products are called oxidation jnoftnch s*. 

Many metallic oxides may he brought back or reduced to 
the metal by heating them with coal, charcoal, or other 
materials containing carbon. The term reduction was applied 
to processes of this kind in which oxygen was removed (in 
a combined form) from an oxide. Tims the conversion 
of copper oxide into copper (and filler) with the aid of 
hydrogen is a process of reduction; the copper oxide, is said 
to i>e reduced, , and the metal is the red net inn jo’odnet. 

Now some elements form two (or more) compounds with 
oxygen, in which case the one containing the smaller propor- 
tion of oxygen is called tin* barer oxide, the other the, it i [flier 
oxide. Obviously the conversion of a lower into a higher 
oxide is a process of oxidation, and the reverse change 
a process of reduction. Thus carbon monoxide undergoes 
oxidation to carbon dioxide when it burns; carbon dioxide is 
reduced to carbon monoxide when it is heated with carbon. 
Sulphur dioxide may lx* oxidised to sulphur trioxide; lead 
dioxide may he reduced to lead monoxide (p ITS). 

In the course of time the use of the term oxidation has 
been extended to processus in which oxygen is not directly 
concerned ; tin*, mason of this is as follows. A basic metallic 
oxide and an acid act on one another, forming a salt and 
water; the acid radicle takes the place of the oxygen of the 
metallic oxide, and the salt thus formed eorre^tonth with or 
is derived from the oxide, 

rbo + auci'-Pbcu + iLO 

CuO -i- 2TIN0 3 r. Cii(X( ) ;j j, + If/). 

Hence the conversion of a metal into a salt either (ft) by first 
forming the oxide and then acting with an acid, or (h) by 
'treating ihe metal directly with an acid, is a process of 
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‘oxidation;* in fact, the combi nation of a metal with* any 
element except hydrogen or other metals is a change which 
may he included under this heading. Tims the jcombiiyition 
of iron with sulphur (Ko + ft = i?\?S) and of copper with 
chlorine (( hi 4- CL, - (JuCh,) are oxidations, the noil-metallic 
elements being regarded as playing a part similar to that of 
oxygen. 

The removal of such acid radicles or non-metal lie elements 
from a compound of a metal is consequently to he regarded as 
a process of reduction • thus when silver chloride is lien led in 
hydrogen it is reduced to silver. Any element or compound 
which oxidises another element or coin pound is termcc} an 
o.n'th'siiHj ai/nit ; similai ly, any element or compound which 
1 educes another element or compound is termed a mhirhtr/ 
(tt/r/if. The commonest oxidising agent is oxygen, and many 
examples of its use hav& already been given. 

Chlorine is an oxidising agent. When tin/ chlorine oxidises 
it does so by combining directly with the (dement or com- 
pound which undergoes oxidation (sec above) or by withdraw- 
ing hydrogen from a compound ;* thus chlorine usi<ln am hydro- 
gen sulphide (Cl.> 4* JI 2 ft — 21IC1 4- ft), the chlorine itself being 
mlncwf to hydrogen chloride. Chlorine also oxidises cuprous 
chloride, CuCl (which corresponds with the lower oxide 
Cu.,0, ]). 177), to cupric chloride, CuCL (which corresponds 
with the higher oxide CuO). 

Wet chlorine- that is to say, chlorine, and iratrr — acts as 
nu oxidising agent in a d i Heron t manner; the chlorine slowly 
decomposes the water, foiniing hydrogen chloride and a com- 
pound called //// f)uch /on no* w/i/, 

a, 4-11,0 - hci+hcio, 

and the latter then acts as an oxidising agent, giving up 

*Vor various reasons which need not be given hero, hydrogen is con- 
sidered to bo a metal, or so liko the metals that it may bo classed with 
them. The removal of hydrogen 'from a compound is thus considered to bo 
a process of oxidation, wheycas the combination of hydrogen with „ an 
element or compound is a reduction. 
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oxygen and forming hydrogen chloride. The bleaching action 
af chlorine in presence of water (dry chlorine does not bleach) 
is tlyis due. to the oxidation of the coloured compounds and 
their conversion into colourless ones by combination with 
oxygen and not with chlorine. 

Bleaching powder, prepared by absorbing chlorine in dry 
slaked lime, contains a compound of calcium, oxygen, and 
chlorine, which is a powerful oxidising agent. In bleaching 
on the large scale, the fabric is passed through or immersed 
in a solution of bleaching powder, and is then washed with 
water; or, before washing with water, it is exposed to the air 
or jessed through chambers conlaining carbonic acid, which 
liberates hypoehlorous acid from the bleaching powder. 

* Manganese, dioxide , ]\In<X„ acts ns an oxidising agent when 
it is warmed with hydmchloiic acid, as in the preparation of 
chlorine (p. 140), 

Mii 0 2 + 41101 =- MnClj, + Cl 2 + 2H.0 ; 

the salt manganese chloride, which is formed in this 

reaction corresponds with or is derived from the lower oxide, 
manganoua oxide, MnO, since 

MnO + 2HC1 = Mn01 2 + H/>. 

Nitric acid is another important oxidising agent, as it 
readily acts on many substances, giving them oxygen, and 
being itself reduced to nil was acid , TIN< > 2 (p. 247), or to one of 
the oxides of nitrogeu (compare its action on copper, p. 245, 
and tin, p. 216). Thus when hydrogen sulphide is passed 
into excess of nitric acid, sulphur is deposited, the hydrogen 
sulphide being lirst oxidised to sulphur;* on heating, the 
sulphur is oxidised to sulphur trioxide and sulphuric acid is 
formed. When sulphur dioxide is passed into nitric acid it 
is rapidly oxidised to sulphur trioxide (which in presence of - 
water gives sulphuric acid), and nitrous acid is formed by,' 
reduction, 

S0 2 + HgO + HNO-j = H 2 S0 4 + UNOg. 

* See footnote, preceding page. 
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This oxidising action of nitric acid is made use of 'com- 
mercially in the manufacture of sulphuric acid by the 4 leaden 
chamber process' Into chambers constructed *f sheet-lead 
(a metal which is very slowly attacked by sulphuric acid) 
steam, air , and sulphur dioxide arc passed in constant streams, 
also a little nitric acid, vapour. The sulphur dioxide is 
generally obtained by burning (or roasting) iron pyrites, 
FeS 2 , in the air (p. 229) ; sulphur dioxide and ferric oxide, 
Fe 2 0 3 , arc thus formed, 

4 FeSo + 1 1 0 2 8S0 2 + 2Fe/) ;j . 

Now although sulphur dioxide and sulphurous acid do not 
combine with free oxygen except extremely slowly (p. 231), 
they do so rapidly when they are mixed with it in presence 
of a relatively very small quantity of nitric acid. The first 
action of the nitric acid is to oxidise the sulphur dioxide to 
the trioxide (or the sulphurous to sulphuric acid) ; in this 
process the nitric acid is reduced first to nitrous acid (p. 280), 
and then to nitric oxide (p. 243), 

211X0* + S0 2 - H 3 80 4 4- 2X0. 

Now nitric oxido combines with afmuspluric oxygen to 
form nitrogen tetroxidG (p. 240), and nitrogen tetroxide 
oxidises sulphur dioxide, being itself reduced to nitric oxide 
again, 

2NO + 0,*N./> 4 
N/) 4 + 2SO., r r - 2N< r + 2SOg ; 

hence there is a continuous oxidation of the sulphur dioxide 
to sulphur trioxide (which in presence of water forms sul- 
phuric acid), and the oxygen which is fixed in this process 
is atmospheric, oxygen. The nitric oxide which really brings 
about this change is not used up, ami provided it is not 
allowed to leave the chamber with the atmospheric nitrogen, 
a small quantity of this gas may serve for the preparation of 
an unlimited quantity of sulphuric acid. In practice there 
is some loss, so that small quantities of fresh nitric acid 
vapour ipust be supplied from time to time. 
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Tlie gas nitric oxide here plays a part similar to that of the 
catalytic agent platinum, which is used in making sulphuric 
acid thy tin* contact process (p. 232); it accelerates the 
combination of sulphur dioxide and oxygen, and is itself 
unchanged at the vwl of the process. There is, however, 
a difference between the two cases. AYitli the ]>latiiiuiii, 
there is no evidence that the metal combi mm with the oxygen 
and then gives it up again to the sulphur dioxide, ; it may do 
so, and probably does; but if so, the fact has not been extal)- 
lislicd. It is quite possible that in all cases of catalysis the 
catalytic agent is chemically changed, forming a substance, 
very •unstable under the given conditions, which decomposes 
or ^icts oil another substance present, giving the observed 
pfoduct. 

The most important reducing agents at high temperatures 
are carbon, earbon monoxide, and hydrogen. When the 
oxides of iron, lead, copper, tin, or zinc are hai/t'd with one 
of these reducing agents, the metal is obtained and an oxide 
of carbon, or water, as the case may be, is formed.* ( )n the 
large scale these metals are prepared from their oxides by 
beating the latter with coke, charcoal, or coal. In these 
processes the earbon of the fuel may act directly and undergo 
oxidation to carbon monoxide, or it may be first burnt to 
carbon monoxide by admitting a limited supply of atmospheric 
oxygen (p. 132), in which case the carbon monoxide thus 
formed is the active reducing agent. Thus in preparing zinc 
the change takes place in absence of air, and may be expressed 

thu8 ’ ZnO 4- C = Zn + CO j 

whereas in the case of iron a blast of air is sent through the 
furnace, and it is the carbon monoxide produced from the fuel 
which then reduces the oxides of iron, 

C + 0, = C0 L> ; CO,-fC-=2C0 
Fe 2 0 3 + 3C< ) = 2 ]<V 4- 3C< K 

* A very high temperature i« required to bring about some of thdae 
changes. 
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Hydrocarbons (p. 125), and, in fact, nearly all carbon 
compounds* are also reducing agents at high temperatures,' 
since they combine with oxygen, giving carbon dioxide and 
water. 

A study of the examples given above shows that nearly all 
the reactions which have been taken to illustrate oxidation 
might equally well he chosen to illustrate reduction , and 
rice cersti. When an oxidising agent oxidises, it is ifeself 
reduced. Chlorine is reduced to hydrogen chloride by hydrogen 
sulphide; nitric acid is reduced lirst to nitrous acid and then 
to nitric oxide by sulphur dioxide; hence hydrogen sulphide 
and sulphur dioxide are reducing agents. • 

When a reducing agent reduces, it is itself oxidised. 
Carhon, carbon monoxide, and hydrogen are oxidised by 
certain metallic oxides at high temperatures. Some sub- 
stances act as oxidising or as reducing agents according to 
the element or compound on which they act ; thus sulphur 
dioxide reduces nitric acid, hut in presence of water, it oxidises 
hydrogen sulphide to sulphur and water, 

80 4 + 2^8*211^0 + 3^ 

and is itself reduced to sulphur. 

When sulphur dioxide (in presence of water) and sulphurous 
aeid are used as bleaching agents, they either reduce the 
coloured substance by supplying hydrogen, or they combine 
with it ; if the former, the hydrogen is obtained from the 
water present by the combined action of the sulphurous acid 
and the coloured substance, while the acid is oxidised to 
sulphuric acid. 
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' < CHAPTER XXXII. - j 

The Principal Components of the 
•Earth’s Crust. 

The bare rocks which are exposed to view in different parts , \ 
of this and other countries are often very different from one 
another in appearance and in other properties. They may ' 
consist of granite, as at Land’s End; of clmlk 9 as at Dover; 
of sandstone, ns in many parts of Devonshire; of slate, as in 
mapy parts of Wales; and so on. Tlie.-e and very many other , 
varieties of ‘rock’ are classed into two groups: (a) the . 
igneous and (h) the alimentary rocks. 

The igneous rocks, such as granite, basalt, porphyry, &c., 
were at one time in a molten state, and slowly solidified 
during the cooling of the earth’s crust, or have been thrown 
up in more recent times by vulcanic action. They are com- ^ 
posed principally of oxides of the elements silicon, aluminium, 
.calcium, magnesium, iron, sodium, and potassium, and these : . ’ 
oxides are either mixed or combined with one another in v 
various proportions, the products of their combination being V 
suite. Thus in a sample of granite, so called because of its - 
grained structure, distinct crystals of felspar, quartz, and • * ■ 
mica may generally be -recognised ; the crystals may be 
silvery- white or transparent, or may he coloured red or 
yellow, or darkened, by the presence of small quantities of 
. compounds of iron and other metals. . ^ 

^ Felspar , of which there are many varieties, is composed ; 
Of the oxides of silicon, aluminium, and potassium or sodium 
(or calcium). The oxide of silicon, known as silica (p. 29,2)* 
is an acid-forming oxide, and it combines with the basic oxfde/,# 
of aluminium (alumina), forming the salt aluminium silicate 
Silica also combines with the basic oxides of caici'Utn|^ 
jn^eeiam, potassium, and sodium, forming tUtopte*. of v 
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respective metals* Felspar consists principally of afuitflnium , ; 
silicate mixed with potassium silicate (forming orthoHasp)# r 
with sodium silicate (forming albit >'). 9 

Mira, like felspar, ’is a mixtiire of different compounds; it. 
consists principally of aluminium silicate, hut contains also . 
potassium silicate and other suhstauces. 

Although granite and other igneous rocks are extremely 
hard and durable, they are very slowly acted on by air and 
by' natural water (both of which contain carbonic acid), 
and in the course of ages this action results in the breaking 
up or disintegration of the rock material.* The silicates of 
potassium and sodium contained in the felspar or mi<ja are 
dissolved. The aluminium silicate and the quartz are both 
insoluble in water, hut the former may he carried away 
as a line powder by running water and deposited again 
in beds, which form the material known as Hay. When 
this aluminium silicate is fairly pure it is white, and \ 
is known as kaolin or china-clay; it is generally coloured/ 
with iron compounds, and such impure clay, when ‘burnt* 
(strongly heated in a kiln), loses water and becomes very 
hard, and is used for making bricks, tiles, and other coarse 
earthenware. Pure kaolin or china-clay is utilised in the '■ 
manufacture of porcelain and the more expensive varieties 
of ‘china,’ for which purpose it is heated with suitable . 
proportions of felspar and quartz. 

The coarser particles of quartz (silica), resulting from the 
disintegration of igneous rocks, may also be washed away by ; 
running water, and in the course of time, although so hard,, 
they become smooth and rounded. Beds or deposits of this. \ 
material form ordinary sand. Sand which has been lpng* 
exposed to the action of water, such as some sea-sands, if ; 
consists of almost pure silica, all the felspar, mica, and otlier j; 
compounds having been disintegrated and washed away,?? 
Ordinary sand, however, contains unchanged fragments Orf' 
these rock components, and is often coloured red or yellow?. i 
. / r lr< , * Thi* process is known *s ‘weathering.* J 
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by iron compounds. Layers of impure sand, containing clay, 
&e., 'which have been submitted to great pressure give rise 
to sandstone,,* layers of clay which have been compressed give 
rise to slates and shales, the latter often containing vegetable 
matter of the nature of coal. 

The sedimentary rocks are those, such as sandstone, clay, 
slate, &c., which have been formed from igneous rocks in the 
manner indicated; those, such as limestone, marble, chalk, 
and coral (p. 74), which have been formed from animal 
remains ; and those, such as coal and anthracite, which have 
been formed from vegetable, mutter. 

Silicon dioxide or silica, Sic is the most important com- 
ponent of the earth's crust, where it occurs not only in the 
fr<!e state, but also combined with aluminium oxide »>r with 
other basic oxides; igneous rocks contain 20-‘U> percent, of 
silica (free and combined). Silica is often found in pure, 
transparent, colourless crystals (quartz or rock-crystal), 1ml 
sometimes the crystals are opaque (milk quartz) or coloured by 
traces of other compounds (rose quartz, smoky quartz). It also 
occurs in the animal kingdom in siliceous sponges ; in the, 
vegetable kingdom it is found in tins 4 straw * of cereals, in the 
stem of the bamboo, and in the skeletons of the diatoniaccw , . 

Just as from the remains of some organisms beds of calcium car- 
bonate have been formed, so from the remains of diiitnnmceic, beds 
of very line silica have been produced. Such deposits occur, for 
example, in (ieiniany; and the material, known as hirsrh/uhr, is 
used as an absorbent for nilm-glycerine (the mixture is dynamite) 
and for filtering and other purposes. 

Flint is an amorphous variety of slightly impure silica. 

When sand or any other sample of impure silica (or any 
compound of silica) is mixed with about four times its weight 
of anhydrous sodium carbonate, and the mixture is strongly 
heated in a platinum crucible with the blowpipe flame, the 
sodium carbonate molts and the silica slowly dissolves chemi- 
cally in the melted mass, liberating carbon dioxide ; when the 
product & then allowed to cool and afterwards boiled with 
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water, sodium silicate dissolves, and any other metals (except 
potassium and aluminium) which were originally present iif a 
combined form remain as insolubles carbonates oi^oxides* The 
acid -forming oxide, silica, decomposes sodium carbonate at 
high temperatures, giving the salt, sodium (meta) silicate, 
Nn 2 C0 3 4- SiO. - Na.SK > ;| + CO.. 

When the filtered solution containing sodium (meta) silicate 
is mixed with excess of hydrochloric acid and boiled, a colour- 
less gelatinous precipitate of metasilicic acid is formed, 

Na^Si ( ). 5 -K 21 1 Cl H.Si0 8 + 2NaCl. 

This acid is insoluble in water, but dissolves chemicallj in a 
solution of sodium hydroxide, forming the soluble sodium 
salt. It is a dibasic acid. • 

When the gelatinous precipitate of metasilicic acid is 
separated by filtration, washed well, and then heated, it is 
deeom posed into water and pure silica, which is obtained as a 
white amorphous powder. 

Silica is extremely hard, melts only at a very high tempera- 
ture, and is insoluble in water and in the ordinary acids. It 
is used for the manufacture of tubes, basins, Ac. for use in 
chemical laboratories, -as it resists the action of chemicals 
hotter than does glass, and does not crack when it is suddenly 
heated or cooled. Although such an inert substance, it is 
proved to he an acid-forming* oxide (or anhydride) by the fact 
that it forms sodium silicate. Silica also combines with 
other basic oxides, forming salts ; but all such silicates are 
insoluble in water, except those of sodium and potassium. 

Ordinary t floss is manufactured by strongly heating sand 
(crude siliea) with a suitable proportion of a mixture of 
sodium carbonate and calcium carbonate. These carbonates 
are decomposed, with liberation of carbon dioxide, 

CaCl );j + SiO. — ( 'abiOg -I- 00., « 

and a mixture of sodium and calcium silicates, containing 
excess of silica, is formed. If the sand employed contains 
certain impurities (such as iron compounds) the glass may be 
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coloured (green), and if a coloured glass is required the desired ^ 
result is attained by adding the oxide of some metal to the . ( 
abovfl mixture. * -[ 

The temperature at which ordinary glass softens depends A 
very much on the proportion of silica it contains; soft or 
more easily fusible soda-glass contains a smaller proportion of 
silica than the hunt or less fusible varieties. Flint (/lass is 
made by heating silica with sodium carbonate and lead oxide; • 
it has a greater refractive power for light than ordinary glass, 
and is more easily fusible. 

The element silicon, Si, is obtained when finely divided 
silieif and magnesium are healed together, a violent reaction 
taking place, 

r ^ Si0 2 + 2Mg = Si + 2MgO. 

When the product is treated with dilute hydrochloric acid 
the magnesium oxide, is converted into soluble magnesium 
chloride, leaving (impure) silicon as a brown powder, which . 
takes lire and burns when it is heated in the air, giving silica. 

' Aluminium oxide or alumina, Al./) 3 , occurs in nature in ’ 
various forms, and is very abundant. The ruby and the 
sapphire are crystalline varieties of alumina, coloured by 
traces of other compounds ; corundum, a material almost as 
hard as diamond, also consists principally of alumina; while *\ 
emery is a mixture of alumina and oxide of iron. 

Alumina occurs combined with silica, as aluminium silicate, , 
in felspar, mica, kaolin, and in ordinary clay (pp. *290, 291). p ' 
When clay is heated with sulphuric acid the aluminium < 
silicate is decomposed, silica separates, and aluminium sul- 
1 phate, Alj(S0 4 ),„ pusses into solution ; on the solution being 41 : 
evaporated, this salt is obtained in crystals. 1 /h; 

When potassium sulphate is dissolved in a hot solution of ? 
^ aluminium sulphate in suitable proportions, and the solution** 
ifc evaporated if necessary and allowed to cool, colourless octa*;?; 
hedral crystals of potash alum are deposited. These crystafl&?J& 
v contain one molecule of aluminium sulphate and one mpletettlt^ 
of potassium sulphate crystallised together with; 
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molecules of water, and their composition is expressed by the 
formula, A1 2 (S0 4 ) 3 , K 2 S0 4 , 24H 2 0. Potash alum" is an im- 
portant commercial article, used in dyeing and for othcj pur- 
poses. Soda alum, Al 2 (S0 4 ) s , Xa 2 S0 4 , 24H 2 0 ; ammonia 
alum, Al 2 (S0 4 ) a , (NII 4 ) 2 S0 4 + 24I1 2 0 ; and other ' c alums/, 
may be prepared in a similar manner,* using sodium or 
ammonium sulphate in the place of potassium sulphate. All 
tlmso alums are readily soluble in hot, but only sparingly 
soluble in cold, water, so that they are easily purified by re- 
crystallisation ; they all crystallise in ootahcdra. 

A salt, such as one of the alums, which is a crystalline 
mixture of two salts is called a double mlt. Many either 
double salts are known. * 

When ammonium hydroxide is added to a solution *of 
aluminium sulphate or of any alum, a colourless, iloceulent 
precipitate of aluminium hydroxide is formed, and ammonium, 
sulphate remains in solution, 

A1,(S< ) 4 ) 3 + G2slI 4 (OiI) - 2Al<OH) a + 3(NII 4 ) 2 S0 4 . 

This hydroxide is insoluble in water, but dissolves chemically 
in hydrochloric and in sulphuric acid, forming aluminium 
salts ; it is, therefore,, a basic hydroxide. But aluminium 
hydroxide also dissolves chemically in a solution of sodium 
hydroxide, giving a soluble salt, sodium aluminate ; in this 
case, therefore, aluminium hydroxide behaves like an acid 
hydroxide or acid. 

Aluminium hydroxide is decomposed when it is heated, 
giving water and aluminium oxide, an amorphous powder 
insoluble in most acids, 

2 Al(OH) 8 = Alo0 3 + 3H 2 0. 

When this oxide is strongly heated witli carbon (in an electric 
furnace, p. 299) the oxide is reduced and the metal aluminium 
is obtained, 

A1.,0 3 + 3C-2A1 + 3C0. ' 

/The metal derives its name from ‘alum/ which was known 
long befpre tbo metal was discovered. 
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CHAPTER XXXIII. 

The Use of Electricity in bringing 
about Chemical Change. 

When zinc is placed in dilute sulphuric ac.iil, the metal 
dissolves chemically, hydrogen is evolved at the surface of 
the metal, and zinc sulphate passes into solution.* A de- 
velopment of heat also occurs, and the quantity of heat 
generated during the conversion of a fixed weight of the 
mo£al into its sulphate under fixed conditions is constant 
(p. 135). 

Copper, silver, and platinum are not acted on by dilute 
sulphuric acid, hut when a piece of zinc is placed in direct 
contact with a piece of copper, silver, or platinum, and the 
two different metals are then immersed in dilute sulphuric 
acid, a very interesting result is observed. The zinc dis- 
solves chemically, forming zinc sulphate, and hydrogen is 
evolved, bui this gas is only liberated at the surface of the 
copper, silver, or platinum, while the metal from which it 
rises remains chemically unrkamjotL t The same results are 
observed when the two different metals, instead of being 
placed in contact, are separated from one another in the acid, 
but are connected together by a wire (say of copper) which 
remains outside the liquid, as shown in fig. 76. Further, the 
wire which thus connects the two different metals acquires 
totally new properties ; not only does its temperature rise,} 

* Pure zinc is only very slowly attacked by dilute sulphuric acid. 

+ Pure zinc is employed in this experiment ; when the impure metal is 
used some hydrogen is also evolved from the surface of the zinc. Pure 
zinc is readily attacked by dilute sulphuric acid when it is in contact with 
a piece of platinum or copper, or when a little copper sulphate is added 
with th<> *cid ; in the latter case copper is deposited on the zinc (p. 175). ' 

X The rfse in temperature may be very small unless the plates of <netal 
arc large. 
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hut it has also the power of deflecting a magnetic needle 
brought near to it. A current of electricity is said to pass 
through the wire from one metal to the otlu‘r, and* also 
through the solution, and this electric current continues as 
long as the zinc is being transformed into its sulphate. 

In the arrangement just ‘described the chemical energy of 
the original system (]>. 136) is not transformed directly into 
heat alone, but partly into beat 
and partly into electrical energy. 

The apparatus (fig. 76) by 
means of which this transforma- 
tion is brought about is called 
an electric buttery (also a voltaic 
or galvanic battery, or cell, or p LAT , NUM 
couple). Any two different metals, 
placed in any liquid which chemi- 
cally attacks at least one of them, Fig. 76. 

and connected together outside 

the liquid by some conductor , may constitute a battery, pro- 
vided that the liquid also is a conductor of electricity. 

The term conductor is applied to those materials, such as 
metals, alloys (p. 35), and graphite (p. 118), which offer com- 
paratively little resistance to the passage of the electric 
current ; other materials, such as lime, sulphur, glass, shellac, 
and air, which offer great resistance to its passage, are 
termed non-conductors or insulators. There is, however, no 
sharp boundary line between the two classes ; graphite, for 
example, is a had conductor compared with copper, hut a 
very good conductor compared with sulphur. 

The pieces of metal used in a battery are termed the 
electrodes or poles ; the electric current maybe supposed to 
pass from one of the electrodes, which is called the positive 
( + ) electrode, along tho wire to the other, the ncyatice ( — ) 
electrode (fig. 76), and then through the solution ; the com- 
plete course taken by tho electric current through the con- 
ducting materials is termed the circuit . 




298 


THE USE OP ELECTRICITY 


A current of electricity maybe generated in other way& 

By the coi nl )Us tion of coal or other fuels chemical energy may ;\ : 
be first transformed into beat, and this lorin of energy j 
may be used for driving a steam or gas engine; the latter A 
may then he employed for driving a dynamo, a machine. \ 
in which mechanical work is transformed into electrical 
energy; a dynamo may also he driven by machinery worked 
by water-power. J5y such means large supplies of electrical . - 
energy may he cheaply obtained. 

Electrical energy may he again transformed into heat, light, 
chemical energy, tVc. AYhen an electric current is passed ' 
threugh a material which oilers great resistance, and which 
is.tlien said to he* a had conductor, electrical energy is trails- 
formed into heat. This occurs even if the material is a good 
conductor when its cross section is sufficiently small and the 
current is sufficiently powerful; the filament of carbon, tan- 
talum, &e. in the incandescent electric lump is thus raised to 
a white-heat by means of elcctiical energy. 

Electrical energy may also lie transformed into heat and 
light in another but similar manner. AYhen an electric, 
circuit is broken, sav by cutting the wive through which the 
current is flowing, and the two ends of the wire are moved 
a short distance apart, a series of ‘ njnirL'^ or a continuous , 
luminous arc , passes between these two ends or terminal 
provided that the current is sufficiently powerful. The arc 
light is produced in this manner between terminals which ' 

„ usually consist of graphite. 

Electrical energy is very often used to bring about chemical 
' -change. For some purport* it is directly transformed into, 
heat; that is to say, an electric current is simply used as a , , 

[ convenient means of producing a high temperature. Examples ^ 
of this use have already been given. AVhon electric sparks,!^ 
are passed between the platinum terminals of a eudiometer r 
containing a mixture of oxygen and hydrogen, the gases’^* 
combing 189), just as they would do if a red-hot. 
were placet in the mixture. Similarly, in the. 1 Bparkl^g *H. 
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of hydrogen sulphide (jv 217), air (p. 247), and ammonia 
(p. 264), the effect produced is due to lieat and not to any, 
electrical action ; a small proportion of the gas is momentarily 
raised to a very high temperature, and then, as it diffuses to 
another part of the tube, is suddenly cooled again. 

The combination of nitrogen and oxygen, which is now 
brought about on a manufacturing scale by passing air through 
a large electric arc, lirst gives nitric oxide (p. 243). As this 
gas is decomposed at temperatures above 1200°, the air 
(which contains about 2 per cent, of this product) is rapidly 
cooled, and the nitric oxide then combines with, more 
atmospheric oxygen, forming nitrogen tetroxide (p. 246). 
The tetroxide is led through an absorption tower, doyn 
which water is trickling, whereupon nitric acid is produced, 
together with nitric oxide, 

3N 2 0, + 21 U ) =r 41-IX0 3 + 2X0. 

The nitric oxide thus formed combines with atmospheric 
oxygen, giving the tetroxide, which goes through the same 
absorption process as before. 

The Electric Furnace. — When the current, from a powerful 
dynamo (p. 298) is caused to form an arc between graphite 
terminals, enclosed in 
some fire-resisting (re- 
fractory) material which 
is also a poor conductor 
of heat — as, for example, 

<pi ioklime — a tempera- 
ture (3000°) far higher than any which can he reached by, 
processes of combustion or other chemical changes may be 
attained. The apparatus used for this purpose is called 
the electric furnace, and one form of it is shown in fig. 77. , 
It consists of two closely fitting slabs of quicklime, which ’,, 
are hollowed out, so that they enclose a small chamber, and : 
also tubular spaces for the insertion of the graphite terminals. 
The arterial to be heated is placed in the chamber, belo$\ 
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thS arc, and the current is led to the graphito terminals by 
.means of stout copper wires. 

{nstcad ,of forming an arc between the two terminals, the - 
latter may be placed much further apart in a large chamber, 
and the sputa 4 between and around them may be filled by the 1 
material which is to be heated, if the latter is a sufficiently bad 
conductor of electricity ; on the current being passed, the 
material oilers so much resistance that it becomes raised to 
a very high temperature, just as does the filament in an 
incandescent electric lam]). 

The electric furnace is employed in the manufacture of 
phosphorus, aluminium, calcium carbide, carborundum, &c., 
and is principally worked in places where water-power is 
iivailahle. 

Electrical energy is also employed in the form of the ‘ nil cut * 
or thirk tlinrhunje in bringing about chemical change. The 
apparatus often used for this purpose consists of two con- 
centric glass tubes, the larger of which is 
covered on the outside, while the smaller 
is coated on the inside with tinfoil, as 
shown in fig. 78. When the two metal 
surfaces (a, a) are connected with the 
terminals of an induction coil, through 
Fig. 7rt. which the current is passing, electrical 

discharge lakes place quietly between the 
two glass surfaces, and a gas or vapour passing through the 
annular space between them may he chemically changed. 

Electrolysis. — Aqueous solutions of different substances 
show a great difference in behaviour towards a current of 
electricity. If each of the electrodes of a suitable battery 
is connected by a conducting wire to a piece of platinum, 
and these two pieces of platinum (which may now them-* 
selves be regarded as the electrodes) are then immersed a 
short distance apart in a vessel of tUvtilM water, no visible 
Tcault is observed, and with the aid of a suitable electrical 
instrument (a galvanometer) it can be shown that the electric 
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current does not pass. If, instead of water, the vessel con- 
tains an aqueous solution of sugar, again the current does not 
pass ; hut if the vessel contains an aqueous solution of some 
acid, basic hydroxide, 6r salt, not only does the current pass, 
hut its passage is accompanied by the occurrence of chemical 
change. 

Substances such as acids, basic hydroxides, and salts, 
aqueous solutions of which conduct electricity, are termed 
ehrirolijtp w, and the chemical change produced in such solu- 
tions hy the current is termed vlertrob/sis (Faraday). Sub-* 
stances such as cane-sugar, aqueous solutions of which do not 
conduct electricity, am termed no n-rlcr fruit /tvs. 

When a concentrated aqueous solution of hydrogen chloride 
is placed in a voltameter (fig. 43, p. 108) and an electfi# 
current of suflicient strength is passed, hubbies of chlorine 
rise from the positive electrode * (that which is connected 
with the positive pole of tho battery) and bubbles of hydrogen 
rise from the negative electrode, but there is uo evolution 
of gas except at the surface of the electrodes. The electrical 
energy is thus partly changed into chemical energy, the 
chemical energy of hydrogen chloride being far less than 
that of the system into which it is decomposed (p. 13C). 
As pure water docs not conduct electricity appreciably, 
whereas an aqueous solution of hydrogen chloride docs po, 
giving hydrogen and chlorine, it may be concluded that 
it is the electrolyte which carries the electricity, and 
that in doing so its decomposition (electrolysis) is brought 
about. 

Although in the electrolysis of hydrochloric acid equal 
volumes of hydrogen and of chlorine are set free, the volume 
of hydrogen which collects above tho negative electrode is 

* The electrodes — that is to say, the surfaces from which the current 
enters and leaves the solution — are not niado of platinum ns are those 
(<*> c, fig. 4H, p. 108) in tho voltameter previously described, because 
platinum is attacked by chlorine ; they consist of graphite rods which 
pass through the india-rubber stoppers (</, (/), and are connected with tho 
poles of tbe battery by means of wires? 
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greater *than that of the chlorine in the other limb of £he 
. voltameter. This is principally due, at first, to the solubility 
of chlorine being much greater than that of hydrogen, but 
ovotk when* the solution around and above* the positive elec- 
trode is become saturated with chlorine, the volumes of the 
gases actually collected are not equal; this is because the 
pressure in the voltameter steadily rises, the solution becomes 1 
' unsaturated (Henry's Jaw, ]». 16-1), and for any given increase 
in pressure the volume, of the chlorine which dissolves is very 
'"much greater than that of the hydrogen/ 

The electrolysis of a dilute aqueous solution of sulphuric 
acid (hydrogen sulphate) results in the liberation of oxygen 
at flic positive electrode and hydrogen at the negative elec- 
trode (p. 108), the relative volumes of those gases being as 
1 : 2. This fact seems to show that the water has been 
decomposed directly, and it can he proved experimentally 
that the sulphuric acid in the solution may he recovered" 
unchanged, however long electrolysis is continued. Never- 1 
, tholets it is concluded, for reasons which will be given - 
later, that the hydrogen sulphate, like the hydrogen chloride 
in the preceding case, is really decomposed ; that hydro- 
,gen is liberated at one (the negative) electrode, and the 
group of atoms, or radicle (S0 4 ), at the other. Hut' 
this group or radicle immediately decomposes at the 
electrode, giving oxygen and sulphur trioxide, S0 3 ; tli©' 
oxygen is liberated, while the sulphur trioxide combines 
with water to form sulphuric acid. According to this 
view, the final result may he expressed in the following 
manner, 


2IT 2 - 

2 vols. 


H 

n 

HI 

H 


:S0 4 


SO, 


+ 2H a O = 2II./»0 4 -f Ojj 
1 vol. 


and the oxygen may he regarded as a secondary and not a$ 
direct product of electrolysis. ■ 
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Aqueous solutions of other adds behave in a similar 

maimer ; on electrolysis hydrogen is liberated at the 
negative electrode, the other ]>art of the acid molecule, 
or some secondary product, being set free at tlie positive 
electrode. 

When an aqueous solution of sodium hydroxide is elec- 
trolysed, hydrogen is evolved at the negative and oxygen at , 
the positive electrode, the relative volumes of these gases 
being as 2 : 1. In t^iis case it is concluded that the sodium ' 
hydroxide molecules are decomposed, and that sodium is 1 
set free at the negative, the hydroxyl group or radicle (OH) ^ 
at the positive, electrode. The sodium, however, immedi- 
ately decomposes the water, giving hydrogen and sodium 
hydroxide, while the (Oil) groups themselves decompose* 
giving oxygen and water. The final results may thus he 
accounted for. 

When a solution of copper -sulphate is submitted to ' 
electrolysis in the voltameter already described, or in tlni 
simpler form of apparatus shown in tig. 79, the negative 
-electrode becomes coated with copper, and oxygen rises 
from the positive electrode. The salt is thus decom- 
posed into copper, which is a primary product, and the 
(S0 4 ) group; but the latter then gives rise to oxygen as 
a secondary product, just us in 'the electrolysis of hydrogen 
sulphate. 

The electrolysis of an aqueous solution of sodium chloride 
(using graphite electrodes, footnote, p. 301) results in the' 
liberation of hydrogen at the negative and chlorine, at the 
positive electrode. The chlorine is a primary product, but 
the hydrogen is a secondary product resulting from the 
action of the liberate# sodium on the water, 

Ho + 2NaOII - 2II.,0 + - 9! — Cl.,. 

1 vol. Il \ 1 vol. 

A solution of sodium sulphate gives on electrolysis Imho- 

w «• , * .■ . ' 4 ° v „ ■ . 
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gen* and oxygen, the relative volumes of the gases being as 
g : 1. If the solution is coloured with a little neutral lit- 
mus and electrolysed in the 
apparatus shown (iig. 79), 
it is seen that the liquid 
around the negative electrode 
becomes alkaline, whereas 
that around the positive elec- 
trode becomes acid to litmus. 
In this case the primary 
products of electrolysis are 
sodium and the (tt< ) 4 ) group 
or radicle ; the former acting 
on the water liberates hydro- 
gen, while oxygen is liberated from the (»S0 4 ) group as in the 
case of sulphuric acid, 

Na' so 

2H 2 + 4NaOH = 4 II,, O + *_ — + 21 1,0 - 2H 2 S0 4 + O r 

2 vols. ‘ l SO, I voL 

]Sa 4 

In consequence of these changes sodium hydroxide collects 
around the negative electrode and sulphuric acid around the 
, positive electrode, but if the solutions in the two limbs of 
the voltameter are afterwards mixed the colour of the. litmus 
shows that the solution, as a whole, is neutral. 

From these examples of the electrolysis of acids, basic 
hydroxides, and salts, it would seem that the molecule of 
the electrolyte is decomposed into two parts. One of these 
parts is hydrogen or a metal, which is attracted to the 
negative electrode, and which, in consequence, is called 
electro-positive . The other part, which is attracted to the* 
positive electrode, and which is called etectro-negatine 9 is 
either some element such as chlorine, or some group of 
elemenii such as (OH) or (S0 4 ). Some of these primary 
produg^yire actually liberated and may be collected, bat 
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many of them either act on the water present or decom- 
pose, giving secondary products of electrolysis, namely 
hydrogen in place of a metal, and oxygen (or® sonic earner 
substance) in place of the primary electro-negative element 
or group. 

The behaviour of aqueous solutions of salts oilers a simple 
means of finding which is the positive and which the negative 
pole of a battery ; if the two wires from the battery are 
pressed a short distance apart on to a piece of blotting 
(filter) paper, moistened with a solution of sodium sul- 
phate which has been coloured with neutral litmus, the 
colour changes to red around that wire which is connected 
with the positive pole of the battery, and to blue around 
the other wire. • 

Acids, basic hydroxides, and salts, which melt without 
decomposing, undergo electrolysis when in a fused condition. 
The primary products, which are stable under the conditions 
employed, arc then obtained ; thus the electrolysis of fused 
sodium chloride results in the liberation of chlorine and of 
sodium. 

Many substances are now prepared commercially by electro- 
lysis. 

In all electrolyses the products are only liberated at the 
surfaces of the electrodes, although they may afterwards 
diffuse into the solution. It Seems, in fact, that the electro- 
lyte is decomposed into two parts, which move in opposite 
directions through the solution under the influence of the 
electric current. This may he accounted for by supposing 
that these parts carry electric charges, and that when they 
reach the electrodes they give up these charges, the carriers 
themselves being set free. Those hypothetical charged 
particles which travel through the solution are called ions ; 
that which is positively charged and which is attracted to the 
negative electrode or cathode is termed the cation; that which 
is negative] v charged and which is attracted to the positive 
electrode or anode is termed the anion. It is only when these 

Inorg. »jt 
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ion# have given up tlieir electric charges (at the electrodes) 
|£iat the observed chemical changes occur. 

was proved experimentally by Faraday (in 1834) that the 
weight of any element which is liberated during electrolysis 
is directly proportional to the quantity of electricity which 
passes through the electrolyte ; also, that the weights of 
different elements which are liberated by the same quantity 
of electricity are directly proportional to tlieir equivalents 
(Faraday’s laws of electrolysis). 

When, for example, one and the same electric current is 
passed simultaneously through different vessels containing 
solutions of hydrogen sulphate, copper sulphate, and silver 
nitrate respectively, the weights of hydrogen, copper, and 
sifver respectively liberated at the negative electrodes, and 
that of the oxygen liberated at one of the positive electrodes, 
are in the ratio 1 : 31*5 : 107*1 : 7*94, which is the same as 
that of their equivalents (p. 174). 

It is thus possible to determine the equivalent of an 
element (most easily in the case of certain metals) by passing 
the same current simultaneously through an aqueous solution 
of hydrogen sulphate and through a solution of some salt of 
the element. The volume of hydrogen liberated from the 
hydrogen sulphate, and the weight of the metal deposited 
from the salt in the same time, are determined, and the 
equivalent of the metal may then be calculated. 


Example . — 40 c.c. of hydrogen at N.T.P. are liberated and 
0*1134 g. of copper is deposited in a given time. The weight of 
the hydrogen is 0*0036 g. The equivalent of copper, therefore, is 
1x0*1134 
*0 0036 


In the case of elements which have two or more equiva- 
lents, the weight of the element liberated by a fixed quantity 
of electricity depends on the compound of that element which 
is electrolysed, but the equivalents determined electrolytically 
(sometimes called electro-chemical equivalents) and chemically, 
with given compound, are the same. 
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PREFACE. 


This present volume (Part II.) contains the subject-matter 
which, in our opinion, is suitable for those who, having 
mastered Part I., intend to devote at least two years more 
to the study of inorganic chemistry, while at the same time 
working at organic chemistry and other subjects, with the 
view of obtaining a university pass-degree. # 

It has been our aim throughout to present the fundamental 
principles and theories of the science, rather than a mere 
collection of facts, and thus to afford a sound basis from 
which the student may proceed to specialise in one or other 
of the branches of chemistry. 

With tliis purpose in view, we have devoted the earlier 
portion of Part II. to a further consideration of physical 
and chemical change, to a study of chemical equilibrium, 
the determination of molecular weight, and the ionic dis- 
sociation theory, in the hope that when the student sub- 
sequently considers the description of the elements and their 
compounds, he will do so in the light of the general principles 
to which he has been introduced. 

The rest of Part II. consists of a systematic account of the 
better-known elements, a chapter on the periodic system, and 
short references to spectrum analysis and radio-activity. In 
arranging this subject-matter we have been guided more 
particularly by our experience that the order in which the 
elements are described in a text-book should be one which 
is also suitable foT the lecture-room, and that, for this reason, 
***** \ .... ' ' t • 
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it is inadvisable to deal with all the non-metals before 
describing some of the metals. A long, uninterrupted course 
of ftctures dn the metals is apt to become wearisome to the 
student after the 4 fireworks ’ which enliven a course on the 
non-metals ; moreover, a knowledge of some of the compounds 
of the metals is desirable at an early stage of the second-year 
course, owing to the necessary and frequent use of these 
compounds in the laboratory. 

Those portions of the text which may be omitted during 
the second -year course, and which contain the subject- 
matter of the third -year course, arc distinguished by a 
mjft’ginal line. While recognising the difficulty of attempting 
any such distinction, owing to the great diversity of opinion 
which may be held as to what should be included in each of 
these courses, we believe that some clear demarcation in a 
text-book is highly desirable, if not essential ; and the plan 
adopted here, while enabling the student to select what he 
requires, docs not suffer from the many disadvantages which 
would attend a complete separation of the subject-matter 
into two successive parts. 

We are indebted to J)r A. Lapworth, F.R.S., for certain 
sections of the text relating to physical chemistry, and also 
for assistance in reading the proof-sheets. 
im 
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PART II. 


CHAPTER XXXIV. 

Equilibrium between Solids and 
Liquids. 

As progress is made in the study of chemistry it will be 
seen more and more clearly that it is practically impossible 
to draw a sharp distinction between physical and chemical 
changes. For this reason, although changes in state have 
been classed together As physical changes (p. 40), and an 
attempt to define chemical change has been made (p. 182), 
attention has also been drawn to two important qualifying 
considerations : (a) that it id very difficult to say in which 
class some of the phenomena of solution should he placed 
(p. 41 ); and (h) that since many chemical changes are 
easily reversible (p. 86), reversibility is not a distinctive 
characteristic of physical change. 

In spite of the difficulties here indicated, it is convenient 
to retain the use of the terms * physical 1 and 4 chemical/ in 
the senses in which they have already been employed, to 
distinguish broadly between certain sets of phenomena. 

The first subject which may now he considered more fully 
is rather of a physical than of a chemical character, and con- 
cerns the behaviour of solutions. A solution is said to be 
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satu&tcd with a substance when, being in contact with that 
substance, it retains its composition unchanged so long as 
therein per; i^u re and pressure do not vary. The fact that a ; 
saturated solution does not alter in composition is probably 
due, not to the cessation of all change, but to the results of - 
two opposed processes ; oil the one hand the soluble substance 
is being dissolved, but on the other hand it is being deposited 
again, and in any given time just as much substance passes 
into us passes out of solution. 

A system (p. 57) such as a saturated solution, which thus^ 
retains a constant composition under constant conditions 
owing to the occurrence of two opposed changes, is said to be 
in a condition or state of equilibrium. The solubility curves 
already given (p. 25) show, therefore, in each case, the com- 
position of a solution in equilibrium with the solid under the 
given conditions of temperature and pressure. 

Heat of Solution . — In the case of some salts, such as potas- 
sium nitrate, the solubility in water increases very considerably 
as the temperature rises ; but in the case of others, such as 
sodium chloride, it increases very little. On the other hand, 
many salts and other soluble substances show a behaviour 
very different from that of potassium nitrate or of sodium 
chloride, inasmuch as the solubility decreases as the tempera- 
ture rises ; thus a saturated solution of calcium hydroxide, 
or of gypsum (p. 226), prepared in the cold, becomes turbid 
when heated, owing to the separation of some of the dissolved 
solid. The solubility curves of such substances, therefore, 
instead of sloping upwards, as do those already given, slope 
downwards. 

Now when any substance passes into solution there is a 
development or an absorption of heat, which may be con- 
siderable, or which may be almost inappreciable. The 
maximum^ heat development or absorption (expressed in 
calories, p^l35), obtainable by dissolving one gram-molecule- 
(p. 197) of a substance in an unlimited quantity of water, is 
termed tbelie&t of solution of that substance in water. 
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The heat of solution of sodium nitrate or potassium nitrate 
in water is strongly negative, and the cooling effect is quite 
sensible to the hand when either of these salts is hiing 
dissolved. The heat of solution of sodium chloride^ is also 
negative, but is only small, so that on adding this salt to 
water the fall in temperature is not observed unless a thermo- 
meter is used. On the other hand, those substances which, 
like calcium hydroxide and gypsum, decrease in solubility 
with rise in temperature, have a positive heat of solution. 



This suggested connection between the variation of solu- 
bility with temperature and the heat of formation of the 
saturated solution of the salt holds universally true, and it,, 
may be anticipated that if a salt does not change in solubility 
as the temperature alters, then it dissolves without production, 
either of heat or of cold. In the case of a salt having the 
solubility curve given in the diagram (fig. 80), it may be* 1 
inferred that from 0° to 43° the salt dissolves with absorptions 
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of heat, but above 43° with production of heat; the highest 
point on the curve is the point where the heat of solution 
island changes from a negative to a positive value, the 
change being quite gradual throughout. Such is the case 
with gypsum, CaS0 4 , 2TI 3 0. 

Many salts take up different proportions of water of hydra- 
tion at different temperatures (footnote, p. 274), and it is but 
a short step to the conclusion that if several hydrates of the 
same salt exist, and tlie.se have different heats of solution (as 
is usually the case), they will also have different types of 
solubility curves, because each must change in solubility with 
temperature, in a different manner. 

No better example than sodium sulphate can be selected 
to ^Illustrate what is actually observed in such cases. This 
salt is easily obtained in two different forms. One of these 
is the anhydrous salt, Na 2 S0 4 ; the other the hydrated form, 
Na 2 S0 4 , 10H 2 O (p. 226), as it exists in Glauber's salt, from 
which the first is easily obtained by dehydration (p. 38). 

The hydrated form dissolves in water at ordinary tempera- 
tures with absorption of heat, and consequently increases in 
solubility as the temperature rises. The anhydrous form, on 
the other hand, can hardly be said to form a saturated solu- 
tion in water at ordinary temperatures, because when brought 
into contact with cold water it becomes converted into the 
hydrated form. Above 33°, however, the anhydrous salt 
does not undergo this change, and dissolves with evolution 
of heat; hence above this temperature its solubility curve 
slopes in the opposite direction to that of the curve of the 
hydrated salt. 

The quantities of dissolved Na 2 S0 4 in saturated solutions 
prepared from the two forms of the salt have been determined, 
ahd it has been found that the two solubility curves are really 
continuous and meet at the temperature 33°, as shown in 
fig. 81. The line AO gives the solubility (in grams of 
Na 2 S0 4 per 100 grams of water) of the hydrated salt, and 
OD that of the anhydrous salt. 0, the point at whic4 the 
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curves moot, corresponds with 33°, and a concentration of 
about 50 grams of Na 2 S0 4 per 100 of water. 

It is evident that at 33° (the point 0) Jhe saturated 
solutions of both forms have the same concentration, and 
therefore the solution and both solid forms of the salt can 
exist together in a state of equilibrium ; at no other tempera- 
ture is this possible. Above • 33° the saturated solution 
prepared from crystals of Na 2 S0 4 , 101I 2 O contains more 
]\ T a 2 S0 4 than a saturated solution prepared from the anhy- 
drous salt, and would therefore (if given the opportunity) 



deposit the latter form. Below 33° the inverse holds good, 
and a saturated solution of the anhydrous salt deposits the 
hydrated solid. In either case the change continues until 
the condition of equilibrium indicated by the curve ADD is 
attained. 

Two conclusions itiay be emphasised. (1) At 33° crystals 
of Na 2 S0 4 , 10H 2 O, in presence of a trace of liquid moisture, 
will usually appear to dissolve in its water of crystallisation 
(p. 38), forming a saturated solution of both Na 2 S0 4 and 
10H 2 O ; on raising the temperature slightly above 
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33°, \his liquid will deposit increasing quantities of NagS0 4 . v 
(2) When attempts arc made to trace the solubility curve of 
either Na 2 S() 4 , 101I 2 O or Na 2 S0 4 , taking those precautions 
which are necessary in order to obtain supersaturated 
solutions (see below), then the curves will continue beyond 
0, as shown by the lines OB, 00 in the diagram. 

At one time it was generally believed that solubility curves 
of the above type indicated that the ‘Salt hydrates existed in 
the solutions, as such, and decomposed in the solution at the 
temperature of the break. It is evident from what has been 
said that the break is the point where the solubility curves of 
the two dilferent solid modifications cross one another. Its 
existence in an experimental solubility curve merely supplies 
evidence of the existence of two such solids, and has no direct 
bearing on the state of the salts in the solution. 

Supersaturated Solutions. 

When a saturated solution of Na 2 S0 4 , 10H. 2 O, prepared say 
at 30°, is poured into a warm, clean flask (taking care that 
the solution is free from any suspended crystals), and the 
neck of the flask is then plugged with cotton-wool to prevent 
the entrance of dust,* the solution may afterwards be cooled, 
say to 15°, without any crystalline deposit whatsoever being 
formed. If now the smallest particle of a crystal of Na 2 S0 4 , 
101I 2 O is dropped into the solution (a process often called 
‘seeding’), crystallisation immediately sets in (accompanied 
a rise in temperature), and continues until the condition of 
equilibrium shown by the solubility curve is attained. 

A solution which shows this behaviour is said to be super- 
saturated. So long as it is not in contact with a crystal of 
NagSO^ 10II 2 O it is stable , and may be kept indefinitely 
without change in composition ; but in contact with such A 
crystal it is unstable. For tips reason the supersaturated 

* Atmospheric dust may contain crystals of Na2S0 4 , 10H 2 O, and must 4 
therefore be excluded, otherwise it may be impossible to prepare a supers 
saturated solution. 
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solution (which is not in the most stable condition) is said to 
be in a metastahle condition. 

Supersaturated solutions of many other sqjids may be 
prepared (p. 497), and in carrying out solubility determina- 
tions care must be taken that the solutions examined are 
not supersaturated. 

In a similar manner many pure- liqu ids may be cooled below 
their melting- (freezing) points, or heated above their boiling- 
points, without a change in state taking place, provided that 
clean vessels are employed and dust is carefully excluded. 
Liquids in this metastable condition are said to be supercooled 
or superheated , as the case may be. Below certain tempera- 
tures supercooled liquids and supersaturated solutions deposit 
crystals spontaneously (i.e. without being ‘seeded'), the meta- 
stahle having passed into an instable condition. 

Cryoiiydrates. 

When a saturated solution of common salt is cooled slowly, 
crystals of pure salt separate and the solution becomes less 
concentrated ; on its continuing to cool, a further quantity of 
pure salt is deposited, and this separation may be continued 
below the freezing-point of water without any ice being 
formed; the composition of the remaining liquid depends, 
therefore, on the temperature. When, on the other hand, a 
very dilute solution of salt is cooled slowly, it begins to 
deposit crystals of pure ice below 0°, the exact temperature 
depending on the concentration of the solution. As this 
deposition proceeds and the temperature continues to fall, the 
solution becomes more and more concentrated, but, as in 
the former case, the final composition of the liquid simply 
depends on the temperature. 

In the diagram (fig. 82), A represents the freezing-point 
(0°) of an infinitely dilute solution of salt, and the line AD 
shows the temperature at which ice is deposited as the 
solution becomes stronger. The line CD shows the tempera* 
ture at which salt is deposited from saturated solutions. 
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During these cooling processes, therefore, the saturated 
solution and the dilute solution arc approaching one another 
in composition more and more closely as the temperature falls, 
and provided that the separation of salt or of ice, as the case 
may be, continues regularly, the compositions of the two 
liquids finally become identical at the point O. In other 
words, if a start is made with a strong or with a weak solution, 
there is ultimately obtained a liquid which on further cooling 

may deposit either salt or 
ice. If the former were to 
separate the solution would 
become more dilute, and 
would have the compo- 
c sition of one which for- 

merly deposited ice; if 
A the latter, then the solu- 

N tion would become more 

concentrated, and would 
have the composition of 
one which formerly de- 
I posited salt. Hence, un- 

less the conditions are 
I such that supersaturated 

? solutions can exist at the 

D vP point where the composi- 

C*AMS OF MsCl IOO Grams or Water tioHS of the tWO liquids 

Fig. 82. become identical, further 

withdrawal of heat will 
cause both salt and ice to separate simultaneously. Now 
if the proportion by weight of salt to ice in the deposit is 
greater (or less) than in the solution, then the solution would 
become less (or more) concentrated, and would have the 
composition of a liquid which had previously deposited ice 
(or salt) at a higher temperature. 

Consequently the further abstraction of heat does not alter 
the composition of the liquid ; the solution still remains 


J&m k 
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saturated with salt, and, in a sense, with ice, and gradually 
solidifies completely without any further fall in temperature. 

Here, then, is a case of the freezing of a mixture without 
change of temperature or composition, so that ike properties 
of a compound are simulated. 

Solid mixtures so formed and having these properties were 
at one time thought to be definite. hydrates and were termed 
cryohydrates. To the naked eye, however, cryoliydrates 
present the appearance of an opaque mass without definite 
crystalline habit (p. 319), and under the microscope they are 
seen to Contain two kinds of crystals; their physical proper- 
ties, too, such as beat of solution and density, are the mean 
of those of their component solid materials, which is not 
the rule with chemical compounds. For these reasons dfcyo- 
hydrates are no longer regarded as definite hydrates. 

On the temperature at which such cryoliydrates separate 
depends the degree of cold attainable by freezing mixtures of 
ice and salts (p. 8). When salt is added to moist ice it dissolves, 
forming a solution which is no longer in equilibrium with the ice 
at 0° ; the latter melts, absorbing heat, and this process goes oil, 
if the mixture is suitably protected from external warmth, until 
the solution has the temperature and concentration which corre- 
sponds to the cryohydrato point. It is then saturated both to ice 
ami to salt, and consequently no further change occurs. 

Cryohydrates of many substances may bo obtained ; more- 
over, liquids which solidify without change in composition 
or temperature may lie produced from innumerable pairs of 
substances. The solid mixture thus formed melts at a 
constant temperature and is known as a eutectic ; a cryo- 
hydrate is only one particular kind of eutectic in which ice 
is one of the solids present. 

Alloys, the products obtained when fused mixtures of 
metals are allowed to cool, frequently consist to a great 
extent of such eutectics eml>edded in varying amounts of 
other solids, which may consist of some of the pure com- 
ponent metals of the alloy, or of compounds of these 
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components. Thus a liquid mixture of copper and silver, 
when cooled, deposits first either pure crystals of copper or 
of silver, according to the proportions of the metals present. 
The molten *i»iihS continues to change in composition until 
it consists of 40 atomic proportions of copper to 60 atomic 
proportions of silver, at which point it solidifies at a con- 
stant temperature (778 ) without change in composition. 

* A eutectic shares with a compound the property of 
fusing at a constant temperature and without change of 
composition, but may be distinguished from a compound 
by means similar to those applied to discriminate^Getween 
cryohydrates aud true salt hydrates. The simplest method 
of distinguishing between such constant melting mixtures 
an£ chemical individuals depends on the fact that when the 
composition of a liquid eutectic is varied by the addition 
of any of its components it begins to freeze at a higher 
temperature than the eutectic does, while in the case of 
a compound of the same substances the addition of any 
of the constituents would cause a depression of the freezing- 
point. 

By a careful examination of the freezing-point of mixtures 
of metals or of other substances miscible in the liquid state 
in varying proportions, it is thus possible to determine 
whether they yield compounds, or eutectics, or both. 

* A considerable proportion of the matter contained in this volume is not ' 
inquired by students who are working for second year or intermediate 
examinations such as those of most universities or of the Board of Educa- 
tion {Stage II.). These parts of the text are marked with a line , so that 
their study may be postponed until the student enters on the third year 
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CHAPTER XXXV. 

Crystals — Double Salts— Isomorphism. 

The anhydrous or hydrated solids which are deposited 
from their saturated solutions are generally obtained in the 
form of crystals (p. 31). Normal crystals are homogeneous 
bodies, the composition being the same in every part, as is 
also the density. They are bounded by flat planes or faces 
which, when they intersect, do so in straight lines. Every 
face on a normal crystal, therefore, is a polygon bounded by 
straight lines. If a point be taken on any crystal edge rail 
lines be drawn on the two intersecting faces at right angles 
to the edge, the two lines are inclined to one another at a 
definite angle which gives the angle between the two faces 
or the interfacial angle . 

As a rule, the crystals of any one substance which are 
deposited under similar conditions bear a marked resemblance 
to one another; every, or nearly every, face has its repre- 
sentative on all the .crystals, and corresponding faces on 
different crystals may often be identified by mere inspection. 
The first fundamental law of crystallography is that ‘ the 
interfacial angle between correspond ing faces on different 
crystals of the same substance is constant , if nnasured at a 
fixed temperhtnre % and is independent of the size or develop- 
ment of the faces' 

This law, however, is jonly approximately true, for if two 
crystals arc compared, variations of half a degree or even more 
are sometimes observed, even with good crystals. Nevertheless 
the mean of a sufficiently large number of examples is a constant 
for any given crystalline modification of a pure substance. 

The enormous majority of perfectly developed crystals 
exhibit some type of symmetry. 

The lowest type is point symmetry , or that about a point 
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in tlte crystal, namely, the centre. In this instance, for each 
face on the crystal there is another, parallel to it on the 
other side of the centre. 

A crystal* has a plane of symmetry when a plane may be 
drawn through the mass of the crystal in such a direction 
that the faces lie in pairs symmetrically dis- 
posed with regard to this plane ; with a per- 
fectly developed crystal the plane cuts it into 
two parts related to one another as an object 
and its reflection in this plane. 

A crystal lias an axis of symmetry when it 
may be rotated about some line (passing through 
the centre of the crystal) through some sub- 
inultiple of 360°, so that each face will occupy 
the position previously taken by another. That 
is, the crystal may be cut by several planes, 
meeting at the axis, into portions each of which 
corresponds exactly with the others; with a perfectly developed 
crystal the various sections will he exactly similar in all respects. 

OQ 

. 00 

Fig. 84. 

A perfectly developed crystal of this kind, set in a mould, 
if taken out and twisted through some submultiple of 360°, 
would once more fit the mould exactly in a new position. 

The crystal shown in fig. 83, for example, may be so twisted 

4 . i 360° 

through this crystal, therefore, has an axis of 3-fold 

aymmetiy. 
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Only axes of 2, 3, 4, and G-fold symmetry are possible* by 
t.h« laws of crystal] ography. 

A jmfwlhj rfere/operf rr^jtiial is one in which corrc 
s] miiding faces all lie at an equal distance from f the centre. 
Such a crystal is rarely, if ever, met with in practice, as 
growth usually occurs nmp' quickly in some directions than 
in others. A perfectly developed octahedron, for example, 
lias the form (1), tig SI, hut instead of this form, others, 
such as (2) or (3), are. oiten produced owing to special 
development of certain faces. 

Similarly, in the place of the perfectly developed crystal (1), 
tig. So, forms such as (5) and (fi) may be obtained. 




When crystals diller from one another in the manner 
illustrated by each of these two eases, they are said to have 
different, habit*. 

Let XOX\ YOY\ and ZOZ’ (fitc SO) he three imaguuuv 
stiaight lines (crystallographic axes) parallel to anv tlnoc possible 
edges of the ciy^lal, and let these be cut by the plane of one of tin 
eivstal faces at the points .*■. //, and j respectively. The linos 
.rif, yz, and jrz represent Jlie lines of intersection of the plane of 
the crystal face with the co ordinate planes of the onMnl. 

The second fundamental law of crystallography states that ‘ (f 
- the relative Irntfth.s o.r, oy, if ml oz arc rr presented by a : b : r, thru thv 
! cor respond iny ral ties for o:r' % oy\ ami uz for nay other fare on the 
* rryital will he represented by the number * r pa yb ; rc, where p, q, 
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and?' are s'tnafl whole numbers' (including zero). If the face cuts 
any axis on the opposite side to O from U at indicated, that is, on 
the side X\ Y\ or Z\ then the corresponding multiplier p, q, or r 
is negative iij sign. 

In Miller’s system of crystallographic nomenclature, which is the 
one now most generally adopted in chemical crystallography, the 

numbers " : 1 selected a rule from the typical faces, arc 
b h 

known as the axial ratios of the crystal. 

Any face on the crystal is determined by the multipliers />, q , 

and r, but whole numbers proportional to the reciprocals^, and ^ 

are used in this system, and are known as the 'indices' of the face. 

Thus if the multipliers of 
a face are 2, 3, and 4 re- 
spectively, its indices are 
the smallest whole num- 
bers proportional to J, 
and J, that is, 6, 4, and 3, 
ami the formula of the 
face is 643. 

If some of the multi- 
£ pliers of a face are nega- 
tive in sign, this is indi- 
cated by a line drawn 
above the indices thus : 
6 4 3. The formula of a 
parallel face on the oppo- 
site side of the centre is 
obtained in all eases by 
a total inversion of the 
positive and negative 
^igns. Thus 6 4 3 and 
643 represent parallel 
faces. 

Owing to the circumstance that crystals almost invariably contain 
planes, axes, or points of symmetry, it is seldom, if ever, that one 
face occurs without at least one other corresponding to it. Thus all 
the faces of the regular octahedron may he regarded as corresjHmding 
to one another as the result of the type of symmetry inherent to the 
crystal, and such i elated faces are said to make up a ‘ form.’ A 
‘ f°rm if indicated by enclosing 1 lie formula of one of its component 
faces in brackets, thus 
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The cube is made up of faces, each of which cuts one axU only,^nd 
the others at an infinite distance. Thus one face cutting only the 
X axis and on the light of the centre lias the multipliers ], ao, oo , 

and this face is therefore rendered as 1 — - or 100. <The cube is 

GO GO 

therefore {100}, while the faces of which it is composed are 100, 
TOO, 010, OlO, 001, 001. The regular 
octahedron is {111}, and its component 
faces 11 1 , ITT, 111, ITT, 111, Til,- 
111, 111. 

As a rule crystals are combinations 
of forms; thus the one shown (fig. 87) 
is a combination of the cube and octa- 
hedron, and is often found in crystals 
of alum. 

Crystals are divided into various 
systems, but the broadest mode of Kg. 87 # 

classification is as follows : 

(1) The Cubic System . — Includes crystals with three equal 
axes all at right angles to one another. Examples . — The 
regular cube : common salt, potassium 

chloride, fluor-spar. Octahedron : alums. 

Other forms : iron pyrites, barium nitrate. 

(2) The Hexagonal System . — One axis 
of threefold or sixfold symmetry. For 
convenience this system is represented 
as having three crystallographic axes of 
equal length in one plane and equally 
inclined to one another, and a fourth 
(the axis of symmetry) at right angles 
to the plane of the other three, and 
of different length from tin; others 
(fig. 88). Examples. — Calc -spar, ice, 
quartz, sodium nitrate. 

(3) The Tetragonal System. — Three ^ 

axes at right angles, two of equal 

length, the third of different length. Examples — Tin stone, 
boron, 



V 
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(£) The Orthorhombic System.- - Three axes nt right angles, 
of unequal lengths (a very common type). Examples . — 
Rhombic sulphur, iodine, nitre. 

(5) The f Monoclinic (or Monosymmetric) System . — Two 
axes not at right angles to one another, and a third at right 
angles to the plane of the first two. The three axes of 
different lengths. Examples . — Prismatic sulphur, potassium 
chlorate, Glauber’s salt, gypsum, green vitriol. 

(6) The Asymmetric System . — Three axes of unequal 
lengths, no two at right angles to one another. Examples . — 
Blue vitriol, potassium dichromate. 

As already stated (p. 214), many substances may form 
crystals of two or more different kinds, usually belonging to 
different systems. Such substances are termed di-, tri-, or 
poly -in orphous, as the case may be. 


Double SaltU 

When a solution which contains two salts, or other 
dissolved solid substances, is concentrated or cooled, the 
first deposit consists, as a rule, of one substance only 
(p. 32) ; later, both the dissolved substances may separate 
side by side, giving a heterogeneous deposit in which the 
proportions of the substances vary according to the conditions 
and are not in any definite molecular ratio. In some cases, 
however, a solution of two substances deposits homogeneous 
crystals which contain both substances in definite, and simple 
vujlecular proportions. When this occurs the proportions of 
the two substances in the solution may often be varied very 
considerably without altering the composition of the crystals 
which are first obtained. Crystals of potash alum, K a S0 4 , 
A1 2 (»S0 4 ) 8 , 24II 2 0 (p. 295), for example, are deposited from 
a saturated solution containing potassium sulphate and alu- 
minium sulphate, and, within certain limits, the proportion in 
which the salts are present in the solution makes no difference 
as regards the competition of thu tun-liar 1 crops 1 of crystals. 



CRYSTALS— DOUBLE SALTS — ISOMORPHISM. 323 


Crystalline substances of this kind are termed double salts 
(p. 295). Many other examples of such double salts will be 

veil later. 

O 

An aqueous solution of a double salt shows all The reactions 
of both the component salts, and the physical and chemical 
properties of the solution art* almost exactly the mean of 
those of solutions of these components. Moreover, there is 
no evidence that the molecules of either of the components 
are dilferent in the double salt from what they are in the 
separate substances, and it would seem that one of the salts 
merely plays a part analogous to that played by water in 
a hydrated crystal. 


Solid Solutions. 

Solutions containing two substances may show a behaviour 
altogether different from that of either of the two types so far 
referred to. They may give* physically homogeneous crystals, 
the composition of which may oar// to a greater or less extent. 
When, for example, a solution containing copper sulphate 
and ferrous sulphate is allowed to evaporate slowly, and the 
crystals which are deposited are picked out from time to time 
and analysed, it is found that each crystal may contain both 
sulphates, hut not always in the same proportion. 

Again, crystals of dolomite (p. 75) contain both carbonate 
of calcium anil carbonate of magnesium, hut probably no two 
crystals have exactly the same composition. The crystals 
which separate from a fused mixture of gold and silver con- 
tain both these elements, and may contain any proportions 
whatever of the two components. Silver and zinc also yield 
crystals containing both metals, hut the proportion is only 
variable within certain limits. 

Solids such as those t crystals resemble solutions inasmuch 
as they are homogeneous materials which can vary in com- 
position within limits which arc sometimes fixed and some- 
times indefinite. For this leason, mixtures of this nature 
have received the title of 'solid solutions.' 
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Tl*c behaviour of a liquid mixture which may deposit a solid 
solution is very different from that of a liquid which deposits only 
pure crystals of one or more kinds. If a substance is added in 
small quantify to another with which it may form solid solutions, 
then the melting or freezing point may actually be raised instead 
of lowered, according as the mixed crystals which separate contain 
more or less of the added substance than the liquid does ; this is 
the case, for instance, when silver is added to molten zinc. In the 
study of alloys, the formation of solid solutions plavs a part of the 
greatest importance. Steels and brass, for example, consist very 
largely, and perhaps sometimes wholly, of solid solutions of the 
components. 


Isomorphism. 

Stibstanees which form solid solutions with one another 
nearly always belong to the same crystalline system, and the 
crystalline forms of the separate substances resemble one 
^another very closely. A crystal of the one substance placed 
in a saturated solution of the other increases in size without 
any alteration of importance taking place in the magnitude 
of the interfaced angles. Thus a violet octahedral crystal of 
chrome alum (p. 510), placed in a saturated solution of potash 
alum, continues to grow without alteration in crystalline 
form, and is slowly converted into a much larger octahedral 
crystal by the deposition of colourless potash alum ; further, 
a supersaturated solution (p. 312) of potash alum immediately 
crystallises when ‘ seeded * with a crystal of chrome alum, and 
vice versa. 

Substances which show the above relationship are culled 
isomorplious. Other examples of isomorplious substances are 
the carbonates of calcium and magnesium, gold and silver, 
the chlorides of potassium and ammonium. 

As a rule there is a very close connection between crystal- 
line form and molecular structure ; compounds of the same 
type are frequently isomorplious, as will he shown by numer- 
ous examples mentioned later (pp. 450, 502, 520, 616). 

This fact was discovered by Mitsclicrlich (in 1819), and in 

the past it has been made use of for the determination of 



CRYSTALS — DOUBLE SALTS — ISOMORPHISM. 325 

atomic weights. Since the crystalline form of compounds 
of analogous chemical composition is the same (the law of 
Mitscherlich), if two , compounds are known to be isomor- 
phous, and one of them contains an element of unknown 
atomic weight, this unknown atomic weight may be calculated 
from the results of analyses. 

Example. — Potassium selenate is found to he isomorphous with 
potassium sulphate. The formula of potassium sulphate is known 
to he K 2 S0 4 , and its percentage composition is K=44‘8, 0 = 36*8, 
and S = 18‘4. An analysis of potassium selenate shows that it con 
tains 35*3 per cent, of potassium ; if, therefore, the selenate and 
the sulphate are of the same type, the percentage of oxygen in the 

selenate is — =29, and the percentage of selenium , by differ- 
ence, is 35 7. • 

Now in potassium sulphate 2 gram -atoms (78 g.) of potassium 
are united with 1 gram- atom (32 g.) of sulphur, and in potassium 

78 x 35*7 

selenate 78 g. of potassium are united with ■ =79 grams of 

Oi)u 

selenium ; hence the atomic weight of selenium is 79. 

Certain substances show isodimorphism , or even isopolymorphism l 
Thus the sulphates of copper and of iron may he obtained in 
isomorphous asymmetric crystals having the composition CuS0 4 , 
5H a O, and FeS0 4 , 5H 2 0 respectively, and also in isomorphous 
monoclinic crystals having the composition CuS0 4 , 7H 2 0, and 
FeS(> 4 , 7H 2 G respectively. This is the reason why these two salts, 
which usually crystallise in different systems, give rise to solid solu- 
tions when they are crystallised' together. 


Dialysis, Pseudo-Solutions, and Colloids. 

When excess of a dilute solution of hydrochloric acid is 
treated with a dilute aqueous solution of sodium (m eta) silicate 
no precipitate is produced, although metasilicie acid (p. 293) 
is probably formed in accordance with the equation, 

Na 2 Si() 3 + 2IIC1 = IloSiOg + 2NaCl. 

If the solution is boiled metasilicie acid is precipitated, but 
at ordinary temperatures no precipitate forms even in the 
course of some days : it would seem, therefore, that metasilicie 



326 CRYHTALH — DOUHI.B SALTS— •ISOMORPHISM. 

acid'exists in two forms, one. of which is insoluble 1 , the other 
soluble, in water. 

Now it wjfs found by (Jrahani lliat most substances which 
are soluble in wafer can pass through parchment -paper and 
certain other membranes, whereas some of them do not 
show this property. If, for example, a dilute solution of 
sodium chloride or of hydrogen chloride is placed in a U-tube 
made of parchment-paper (free, from holes), and this tube is 

suspended in a vessel of 
distilled water, as shown in 
the diagram (fig. 89), the 
sodium chloride 1 or the hy- 
drogen chloride, as the case 
may be, rapidly passes or 
diffuses through the mem- 
brane and may he detected 
in the surrounding water. 
If, on the other hand, an 
aqueous solution of glue or 
gelatine is placed in the 
U-tube, tin*, glue or gelatine 
does not pass or difFuse into 
the distilled water. Sul>- 
stances, such as sodium chloride, which thus diffuse through 
certain membranes were called by (Jraliam crysfnltoids, and 
substances, such as glue, gelatine, &c\, which do not diffuse, 
colloids . The passage of a dissolved substance through a 
membrane is termed dialysis, and the apparatus in which 
this occurs is called a dialyse r. 

On placing the solution of metasilicie acid, obtained in the 
manner described above, in a dialyser, sodium chloride and 
hydrogen chloride diffuse into the surrounding water (until a 
condition of equilibrium between the two solutions is reached) ; 
but the metasilicie acid, which is a colloid, remains in the 
U-tube. On carefully withdrawing the outer solution of salt 
and acid, and putting distilled water in its place, the crystal- 
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loiiia again diffuse until a state of equilibrium is attained, 
and liy repeating these operations until the distilled water is 
found to remain free from chlorides, the whole of the dissolved 
crystalloids may he removed from the solution in the U-tube. 

This tulxi now contains a clear, apparently homogeneous 
liquid which is a 1 colloidal solution’ of metasilioie acid. If 
tins ‘ solution ' is allowed to evaporate spontaneously it yicldg 
a gelatinous amorphous deposit, which does not redissolve 
completely when the water lost by evaporation is again added, 
and if the colloidal solution is boiled, or treated with relatively 
small quantities of various salts, it gives a gelatinous separation 
of insoluble metasilicic acid. » 

Many substances, when produced in solution by double 
decomposition or in oilier ways, may be obtained in ''colloidal 
solution,' and may be separated from accompanying crystal- 
loids by the process of dialysis. This ‘soluble' form is 
sometimes called a ht/drnsul. From the ‘solutions' thus 
obtained the colloid is precipitated in a form (sometimes called 
a hydrnytJ) insoluble in water, by beating the * solution ' or 
by adding to it an electrolyte (p. 301). Examples are given 
later (pp. 559, footnote, .6 1 4, 704). 

The examination of ‘colloidal solutions' has led to the con- 
clusion that the substance which appears to be dissolved, and 
which cannot be separated by ordinary processes of filtration, 
is really suspended in the liquid, but in an extremely finely 
divided condition ; hence ‘colloidal solutions ' are often termed 
pM’inht-sohitions (false or counterfeit solutions) or colloidal 
8itsp(um'(nis. 

The behaviour of ‘ colloidal solutions’ is altogether different 
from that of true solutions: The osmotic pressure of such 
solutions is relatively very small ; the freezing-point and the 
hoiling-point of the solvent are only very slightly changed 
by the presence of the colloid, and there is no definite 
boundary line between a saturated and an unsaturated ‘col- 
loidal solution.* 

‘Colloidal solutions v oi various metals may bo obtain ed in 
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several ways. One method is to form an electric arc between 
two wires of the metal which dip below the surface of pure 
water; under these conditions gold gives a beautiful ruby- 
red colloidal suspension, while that of silver is yellow, and 
that of platinum brown. AVhen examined with the ultra- 
microscopo these* colloidal suspensions reveal the presence 
of solid jiarticlos of inetal, but the particles are so small 
that they cannot be seen even under the highest powers of 
any ordinary microscope. Colloidal metals are very active 
catalysts in many reactions. 

Warm, strong solutions of certain colloids (glue, gelatine) 
set* to a jelly, or coagulate, when they are cooled, but regain 
their fluidity when they are warmed again. 

Many substances usually crystalline, if precipitated from solvents 
in which they are extremely sparingly soluble, appear in a colloidal 
form. Thus sodium chloride, if formed in dry benzene solution, is 
often not precipitated, but forms a ‘ colloidal solution * which appears 
opalescent. The minute particles are probably unable to dissolve 
and to give rise to crystals large enough to separate as such, but 
on the addition of a trace of water aggregation occurs and a deposi- 
tion of crystals at once takes place. 


CHAPTER XXXVX 

Chemical Change. 

The Influence of Temperature. 

In the study of solutions, cases have been mentioned in 
which different molecules 4 unite ' to form more or less 4 stable * 
substances, such as Na 2 S0 4 , 10H 2 O; K 2 S0 4 , A1 2 (S0 4 ) 3 , 24H s O ; . 
and so on. In these and in similar cases, however, there is 
no evidence that the t'nrfivi dual molecules undergo change 
during the ‘union,' and the formation of hydrates, double 
salts, and the like, may therefore be regarded rather as 
examples of physical than of chemical change. 

To proceed now to a closer study of chemical change — 4 a 
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change which results in the formation of new molecules of an 
element or of a compound’ (p. 182) — ail attempt may first 
be made to classify the various reactions already considered 
in Part I. When this is done the following types may be 
conveniently distinguished : 

1. The combination of two elements to form a compound, 

JI 2 + 01 2 --- 2HC1 -2H 2 + 0 2 = 2H 2 0, 

or the reverse of this, the decomposition of a compound into 
two elements, 

2Hg<) = 2ITg + 0 2 2NH, - N 2 + 3H 2 . 

2. The combination of an element and a compound, 

0 + 2C(.) = 2CO s 0 2 + 21I 2 SC) 8 = 2H 2 S0 4 , 

or the reverse of this, the decomposition of a compound intb 
an element and a compound, 

2Pb0 2 = 0 2 + 2PbO. 

3. The decomposition of a compound into two compounds, 

CaCOj = CaO + C0 2 H 2 S( ) 3 - S( ) 2 + II 2 0, 

or the reverse of this, the combination of two compounds, 

CaO + H 2 0 = Ca(OH) 2 NH S + HC1 - NH 4 C1. 

4. The displacement of one element by an equivalent 
quantity of another (p. 146), 

H 2 S0 4 + Mg = MgS0 4 + H 2 . 

5. The interaction of an element and a compound, leading 
to the formation of two new compounds, 

30 2 + 2SH 2 - 2S0 2 + 2H 2 0. 

6. Double decomposition, or the interaction of two com- 
pounds to form two new compounds (p. 147), 

NaCl + HoS 0 4 = NaHS0 4 + HC1. 

7. The interaction of two identical molecules to form two 
new compounds, a change very similar to double decomposi- 
tion, as in the formation of silver oxide from the hydroxide 
(p. 252), 


AgOIT + AgOII = Ag 2 0 + H 2 0. 
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^'liree other types of change, namely, certain allotropic 
changes (p. 166). polymerisation (j>. and intramolecular 

change (p. * r >76), ale referred to later. 

i\nw, although nearly all the changes or rear lions already 
considered may he immediately classed as belonging to one or 
other of these simple types, there, would remain some which 
at first sight might seem to he of a different character. Thus 
the interaction of copper and hot concentrated sulphuric acid 
gives rise to three compounds (p. 2ol), as does also that of 
copper and nitric acid (p. 246) In these reactions, however, 
the iinal results are probably reached by a combination or 
sequence of two or more of th • above simple types of change, 
a f nd the equation, 

Cu 4- 2Ii 2 S( >, CuS () 4 + S( >., -h 211.^ ), 

for example,, may he regarded merely ns a summary of the 
three distinct changes which are represented by the following 
expressions, 

Cn + ir 2 s<v Cuo + ir.,so 3 

H.,KO a - S() 2 + H..O 

CiiO + ti,so 4 (fuso 4 +Ti 2 o* 

Even the decomposition of sugar under the influence of 
heat, a very complex process, which finally leads to the pro 
duction of carbon, water, and many earhon compounds (p. 1 1(i), 
probably consists of a sequence of simple changes, each of 
which belongs to one of the types given above. 

It may be assumed, therefore- -and this is the point which 
it is desired to bring out — that in all chemical changes, no 
matter how complex the final results may he, these results are 
brought about by sinijle reaefions between individual molecules 
in simple proportions. 

Valency and Structure. — It is even possible to go a step 
further and to attempt a rough representation of the nature 

* TVt* results inay also be accounted for by assuming that the following 
reaction- o^cur, 

Cu + H 2 SO 4 =0uKO 4 V2II and 2U 4- H, r S0 4 ^2H tt 0+B0 a . 
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of the changes \Vhich the individual molecules themselves 
undergo. The molecule may be regarded as a structure 
(p. 250) in which the atoms are arranged in sortie definite 
manner. The nature, of this arrangement, that is to say, the 
structure or const it ttf iou of the molecule, is intimately connected 
with the valencies of the atoms of which it is composed. 

The subjects of valency and structure, which have already 
been briefly referred to (pp. 200, 250), are most easily pre- 
sented by making use of a simple mechanical conception. 
Let it be imagined that the atoms in a molecule are held 
together by * hooks ' (or bonds ) ; that univalent atoms are 
provided with one, bivalent atoms with two, tervalent atofns 
with three ‘hooks/ and so on. Then, in order to represent 
the structure of A molecule in a diagrammatic or graphic 
manner, the symbols of those atoms which are known to be 
closely associated are shown as if joined together by tlieir 
‘hooks' (or bonds). Thus hydrogen being univalent and 
oxygen bivalent, the structural or graphic formula of water is 

written H-O — H or (J<j| ; calcium and oxygen being both 

bivalent, the graphic formula oi calcium oxide is written 
Ca = 0; hydrogen being univalent and nitrogen tervalent, 

IT H 

ammonia is represented l>v the formula II — N<, r or JS\, II. 

II \ H 

The actual or relative positions of the ‘hooks' need not be 
considered, as the only immediate objects of such structural 
or graphic formula* are to show the valencies of the different 
elements, and to indicate which atoms are directly combined 
with (or hooked to) one another. In all such formula*, how- 
ever, the number of hooks or lines drawn from the symbol of 
any element must correspond with the known (or presumed) 
valency of that element in the particular compound which is 
represented. 

Now in any simple chemical change molecules interact in 
equivalent quantities (p. 176), and the quantities which are 
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equivalent to one another depend on the valencies of the 
elements or radicles (p. 228) in these molecules. Tims when 
hydrogen .and chlorine unite together the change consists in 
the displacement of an atom of chlorine hy an equivalent 
quantity of hydrogen, or vice vend, and one atom of chlorine 
is equivalent to one atom of hydrogen, because the elements 
arc of the same valency, 

H Cl H Cl 

+ 1 = 1 + 

H Cl Cl H 


In the combination of calcium oxide and water, there is a 
synple rearrangement of the atoms to form a new molecule, 
in which the bivalent calcium atom becomes united to two 
•univalent hydroxyl-groups, instead of to one atom of bivalent 
oxygen, 

Ca = 0 + C)<2 = Ca <0-H 


In the action of zinc on dilute sulphuric acid, the bivalent 
metal simply displaces an equivalent quantity of hydrogen, 
without otherwise disturbing the structure of the sulphuric 
acid molecule (p. 250), 


Zn + 


H-O 

H-0 




✓0 

\0 


H 

+ Zn 
II 



^0 

^-0 


Although, regarded in this light, chemical change seems to 
be a relatively simple rearrangement of certain atoms, the 
cause of chemical change is not known. Experiments show 
that some elements are very inert, while others are very 
active ; hut the reason of this great difference in behaviour 
has not yet been explained. Argon (p. 681), for example, 
docs not form a compound with any element so far as is 
known, whereas ' oxygen and chlorine combine readily with 
most other elements under conditions which are easily 
attained. Compounds, like elements, differ in activity. 
Some, such as silica (p. 2 92), may be classed as relatively 
inert, or as relatively stable ; others, such as sulphuric acid, 
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may he classed as relatively active. In the case of com- 
pounds, however, the distinction is more or less arbitrary, and 
depends on the conditions under which the compound is 
placed. 

The terms stable and unstable, which are so often applied 
to compounds, solutions, and mixtures, and even to elements, 
that is to say, to systems generally, are used to express the 
unreadiness or otherwise with which the specified system 
undergoes chemical or physical change. It should, however, 
he borne in mind that many systems appear to be stable 
merely because they are changing at a rate which is too slow 
to be observed. 

Thus glass is an amorphous substance and apparently quite 
stable at ordinary temperatures, but in the course of inanj. 
years it undergoes a very slow spontaneous change, becoming 
crystalline in structure. Its tendency to crystallise is probably 
opposed by its enormous viscosity ; the particles of glass can 
move only by overcoming an enormous resistance. 

Again, a mixture of oxygen and hydrogen appears quite 
stable at the ordinary temperature, yet a trace of platinum 
may cause the gases to unite with measurable speed, and 
with an evolution of heat which may raise the mixture to 
its ignition-point.* The gaseous mixture of oxygen and 
hydrogen is really an unstable one, the spontaneous change 
of which is opposed by some internal condition analogous to 
friction or viscosity. The function of the catalyst, platinum 
(p. 233), has been likened to the effect of a lubricant on the 
axles and cogs of a machine, although this analogy is certainly 
a somewhat fanciful one. 

The Influence of Temperature on Chemical Change. 

Although nothing is known as to the cause of chemical 
change, the conditions which hasten or retard chemical change 
have been carefully studied. Before dealing with the effect 

* The ignition-point is that temperature nt which the initial flameless 
combination heats the mixture until it mflaiuos. 
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of. conditions, it must he explained that the speed or velocity 
of a reaction is expressed in terms of the quantify of substance 
which undergoes change in unit time. J«\>r any given con- 
ditions of* temperature, pressure, &c., the speed or velocity 
depends on two factors : (#/) on the velocity coefficient, 
whicli is measured hy the rate of transformation of unit mass 
of substance, and (b) on the quantity of the substance present 
in tho system considered. The velocity coefficient is inde- 
pendent of the quantity of substance. If, for example, 
ammonia could be heated under certain fixed conditions, the 
velocity coefficient of tho decomposition would lx* the same 
no matter wha-t volume of the gas were taken ; that is to say, 
uflit mass of substance, would undergo change at the same 
rate, or the same fraction of the substance would he decom- 
posed in unit time. The speed or velocity of the decom- 
position, however, would depend on the quantity of the gas, 
as explained later (p. 355). 

■At this stage it is unnecessary to consider in what wav the 
spued or velocity of a reaction depends on quantity, and in 
speaking of the speed of any reaction it may be assumed that 
the quantity of substance. iH constant, and that the speed is 
proportional to the velocity coefficient 

Now one of the more important conditions which deter- 
mine the speed of a chemical change is that of temperature. 
At very low temperatures, as, for example, at that of boiling 
liquid air (about —183), most chemical changes cither do 
not occur or else take place very slowly. A reaction which 
progresses slowly at ordinary temperatures generally takes 
place more, rapidly as the temperature rises, the speed or 
velocity of the change being often just about doubled for a k 
rise in temperature of 10 . But at higher temperatures still 
a point may he reached at which the original reaction docs 
not occur to any appreciable extent. 

Thus at -80° chlorine*, has no action on pho.phorus, but at 
ordinary temperatures flic two elements combine rapidly. 
Mcvwt y and oxygen do nut combine with any appreciable 
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speed at ordinary temperatures, hut do so at about 300° ; at 
much higher temperatures, say at, 600°, these elements have 
no appreciable action on one another. Again, hydrogen and 
oxygen do not unite to an appreciable extent at ordinary 
temperatures, hut at f>40 ' they form steam with appreciable 
speed ; at 560", if mixed in suitable proportions, they combine 
instantaneously and practically completely, with explosive 
violence ; at 2000 the union is less nearly complete ; at still 
higher temperatures more and more of the hydrogen and 
oxygen remain free, and doubtless at, the highest attainable 
temperatures hardly any combination bet, ween these elements 
would take* place. On the other hand, nitrogen and magnesium 
do not react with appreciable speed at temperatures bclou* a 
red-heat, but the compound then formed is stable even at the 
highest temperature of the electric, furnace. 

These examples show that the influence of temperature on 
chemical change, is very great, and the apparent contradictions 
which they present are explained as follows: Many chemical 
changes are rrrrrsihl 1 ; that is to say, the products of a given 
change may react under suitable conditions and give the 
original substances (pp. NG, 107). A change in temperature, 
therefore, may not only alter the speed of a given reaction, 
hut it may at the same time load to a more or Jess complete 
rervmil of that reaction by increasing the speed of the opposed 
change to an even greater extent. 

Thus when mercury is heated in the air combination with 
oxygen takes place slowly at about 300", and the speed of 
the reaction increases as the temperature rises, say to 350°; 
at the same time this rise, in temperature brings about an 
increasing tendency for the product to decompose into its 
constituents. As the temperature rises further, both the 
sneed of formation and .the speed of decomposition bocomo 
greater, but tne speed of decomposition increases much the 
more, rapidly. The result is that when a particular tempera- 
ture is reached, the speed of decomposition becomes greater 
than the speed of formation ; at this temperature the 
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mercuric oxide decomposes and tlio two elements do not + 
combine to any appreciable extent. 

In the case of the combination of hydrogen and oxygen 
the influeilce of temperature may be explained in a similar 
manner. At ordinary temperatures the speed of combination 
is inappreciable, but increases as the temperature rises; at 
560° the combination, which below this temperature takes 
place without the production of flame, becomes an explosion; 
the heat evolved by the more rapid union heats the mixture 
to its ignition-point, that is to say. the point at which it 
inflames. At 2000° the speed of the reverse reaction, namely, 
the decomposition of the steam into its elements, is appreci- 
able ; at higher temperatures still the speed of this decom- 
position may become so much greater than the speed of 
formation that the union is very incomplete. 

Otiiek Conditions which influence Chemical Change. 

The influence of pressure on chemical change is considerable, 
anil is of especial importance where solids are being formed 
from, or are reacting with, liquids or gases; but these cases 
cannot at present be discussed. 

In addition to temperature and pressure, the physical state 
of a substance is a factor of much importance in conditioning 
chemical change. Reactions between solid substances usually 
occur very slowly, and as a rule it is necessary that at least 
one of the substances should be present in a gaseous, liquid, 
or dissolved state. Hence highly insoluble solid substance® 
which cannot easily be melted, as, for example, barium 
sulphate, are inert under ordinary conditions. It is perhaps 
the usual rule that a solid only takes part in chemical change 
in so far as it dissolves or volatilises, in which case it may 
be supposed to undergo chemical change only in tho din- 
solved or gaseous state. 
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CHAPTER XXXVII 

Chemical Change. 

Thk Heat of Reaction. 

It lias already l>een pointed out. (]>. 1 36) that when a 
chemical change occurs in any given system, the quantity 
of energy contained in the final, is different from that contained 
in the original, system ; a part of the chemical energy is 
transformed into heat, light, or some other form of energy 
which is dissipated, unless the system is isolated (footnote, 
].. 135). *• 

When a chemical change can he*- so regulated that no form 
of energy except heat flows from the system to the exterior 
(or vice versa), then this output of heat represents the 
decrease in the internal energy of the 'system, and may he 
measured , the quantity is expressed in calories (footnote, 
p. 136) and is known as the heat of reaction , but in the 
ease of "the production of a compound from its constituent 
elements it is termed the heat of formation (p. 136) of the 
compound. 

In the practical determination of the heat evolved during 
a chemical change, the materials are usually surrounded by 
a considerable mass of water, so that the system starts at 
approximately the temperature of the surroundings. The 
chemical change is then started in a suitable manner,* and as 
the change proceeds it gives out heat to, or absorbs heat from, 
the surrounding water, the temperature of which rises or falls 
in consequence. The heat capacity of the whole apparatus 
and the contained water is known, and thus the heat required 
to produce the observed rise in temperature is easily calculated, 
for the heat capacity of the material undergoing the chemical 

* As, for example, by * sparking ’ (p. 298), or with the aid of a platinum 
wire heated electrically. 

lnorg. 7 
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change is almost negligible in comparison with that of the 
apparatus. Since much lieat might he lost to the surrouml- 
ings if the, apparatus were at any time much holler or 
colder than the outside ail, it is necessary so to arrange the 
conditions that the observed rise or fall in temperature is 
small , as a rule nM more than one or two degrees. 

It is evident, therefore, that the heat of reaction, then 
measured, is the heat evolution or absorption for the particular 
case where the reacting substances (in gram-molecules) and the. 
products have the same (generally atmospheric) temperature. ; 
consequently in all cases the term 'heat of reaction* is under- 
stor^l to imply these conditions. 

When examined in this way, reactions may he classed 
either as ej'ofhernu(\ when the heat of reaction is positive, or 
as endnfhrrntti', when the heat of reaction is negative. 

Now, broadly sjfafcouj, those reactions which take, place 
very violently are those which are strongly exothermic, and 
compounds which arc formed from their elements by strongly 
exothermic reactions are generally stable On the other hand, 
those compounds which are produced from their elements by 
endothermic reactions are usually easily decomposed, and arc 4 
often extremely explosive.* 

Further, a stmngly exothermic 'reaction often proceeds 
spontaneously, or, if once started, often continues without any 
further external supply of heat or other form of energy ; an 
endothermic or a feebly exothermic reaction, however, often 
ceases unless there is a continuous supply of external energy 
to the system. 

The latter general principle, to which, however, there are 
innumerable e,.rcj*jttions, may be illustrated by the following 
examples : 

1. When dry hydrogen sulphide is passed over dry iodine 
# It must not he thought that an * «*\].lnxiv** ' m-rc'mnrily an endo- 
thermic compound » (unpowdm, hu* i \n\n\>U\ is ;m explosive bceauM' the 
pystem i* capable <>t uiivlurgonig a -.tron^ly • \othermic. iciictum during 
which - a large volume of gaseous pr oil nets is suddenly generated (foot- 
note, p. 241). 
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(p. \ 1 2) at ordinary temperatures no appreciable reaction 
occurs. When, however, iodine is added to ail aqueous solu- 
tion of hydrogon sulphide a rapid action occur*, sulphur is 
deposited, and hydrogen iodide remains in solution. 

Thu reason of this difference is that tho formation of 
hydrogen iodide; from iodine and hydrogert sulphide at ordi- 
nary temperatures is an endothermic reaction, which may l>e 
represented hy the expression, 

H 2 S + 1 2 — 2HI + tt - 7300 calories. 

To put this in another way : tho heat of formation of 
1 gram-molecule of hydrogen sulphide is greater than .the 
heat of formation of 2 gram-molecules of hydrogen iodide to 
the extent of 7300 calories, and the endothermic reaction ex- 
pressed above does not occur spontaneously. When, however, 
water is present in excess, the final results may be represented 
as follows, 

ILS(a(pieous solution) + L,= 

*2 TIT (aqueous solution) + R + 17,100 calories, 
or II 8 Saq * + L 2HIa«i + S + 17,100 calories ; 
that is to say, tho reaction in aqueous solution is strongly 
exothermic, and now proceeds without a supply of external 
energy. So much heat is developed by the solution of the 
hydrogen iodide that tho presence of water in cxccsh com- 
pletely alters the character of the reaction. 

2. At 100 J copper is not attacked hy dilute sulphuric acid, 
nor by oxygen at an appreciable rate, and sulphuric acid is 
nut attacked by oxygen. Yet when copper is placed in dilute 
sulphuric acid and oxygen is babbled through the liquid, 
heated at 100°, the copper displaces hydrogen from the acid, 
forming copper sulphate; and water is simultaneously produced 
by the union of tin* hydrogen with the gaseous oxygen. % 

* Tlio expressions JloSu'i ami 2UIaq signify that tho quantities of tho 
compounds hero represented are dissolved in a quantity of water sufficient 
to (five the maximum thermal change (heat of solution, p. 308). 



340 


CHEMICAL CHANGE. 


The explanation of these facts is similar to that just given, 
in the first example. The system [Cu, H 2 S() 4 aq] does not 
change spontaneously into [CuS0 4 aq + H 2 J but when oxygen 
is added to the system the reaction, 

2Cu + 2H 2 S0 4 aq + 0 2 = 2CuS0 4 aq + 2H 2 0, 

proceeds at an appreciable speed. The combination of the 
hydrogen and oxygen to form water gives so much addi- 
tional heat that the system [2Cu, 2H 2 S0 4 aq, 0 2 ] changes 
spontaneously. 

3. A solution of potassium permanganate (p. 450) is not 
actqd on by zinc, or by dilute sulphuric acid, or by hydrogen, 
at ordinary temperatures, but when zinc and sulphuric acid 
aw placed together in a solution of potassium permanganate 
the latter is reduced, and, with excess of zinc and acid, the 
pink colour of the solution ultimately disappears. 

From these examples it may he inferred that in many cases 
at any rate a spontaneous chemical change in a system occurs 
only when the sum of the heats of reaction is positive and 
sufficiently large ; also that a given final result may often 
be attained by combining in one system two or more 
reactions, one or more of which may lie incapable of pro- 
ceeding alone. 

The Nascent State . — It has just been mentioned that 
although potassium permanganate is not acted on by zinc or 
by dilute sulphuric, yet it is decomposed or reduced in 
contact with zinc and dilute sulphuric, acid. Presumably, 
therefore, it is reduced by the hydrogen which is generated 
during the interaction of the metal and the acid. Hut when 
hydrogen from a gas-holder or other vessel is bubbled 
through a solution of potassium permanganate, the gas does 
not act on the solution in any way whatever. 

These facts were at one time explained by assuming that 
when zinc displaces hydrogen from sulphuric acid, the 
hydrogen is actually but momentarily liberated in the form 
of atoms; further, that these atoms are much more active 
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than the molecules, H 2 , of which gaseous hydrogen is known 
to consist (p. 196), and that it is these active atoms which 
attack the potassium permanganate. In ucccpdancc with 
this assumption, hydrogen in this active atomic state was 
called nascent hydrogen, or hydrogen in the nascent condition 
(i nasccns , beginning to exist),* since it was only at the mpment 
of its liberation (or at the beginning of its existence) that 
it occurred in this condition. 

Many other cases are known in which so-called nascent 
hydrogen , that is to say, hydrogen which is generated in 
presence of a substance, brings about a reaction which ordinary 
gaseous hydrogen, or molecules of hydrogen, cannot accom- 
plish. Several other elements, such as oxygen and chlorine, 
are also known to act rapidly on certain substances when 
they are generated in contact with them, but not when the 
elements are prepared separately and then brought into 
contact with these substances. The terms nascent oxygen, 
nascent chlorine, &c. were therefore used in relation to the 
elements gen (‘rated under such conditions. 

Convenient though it may be to use the term ‘nascent* 
to express briefly certain conditions, it is not necessary to 
assume that the action of a * nascent 9 element is due to its 
existence in the atomic state. The occurrence of a reaction 
in one system and its non-occurrence in a totally different 
system requires no such explanation. 

Just as the heat of reaction of the system [H 2 Saq, I 2 ] is 
much greater than that of the system [II 2 S, I 2 ], owing to the 
occurrence of a physical change which is attended by a 
development of heat (the heat of solution of 2HI), so may 
the heat of reaction of the system containing zinc, dilute 
sulphuric acid, and potassium permanganate be much greater 
than that of the system consisting of hydrogen and potassium 
permanganate, owing, for example, to the development of 
heat which accompanies the formation of a solution of zinc 
sulphate from zinc and dilute sulphuric acid. 

In the following pages, therefore, the term ‘nascent* is 
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applied to an element which is (presumably) generated in 
some reacting system, hut which, instead of being set free, 
immediately takes part in some other reaction in that system 
and does not appear as a final product. The term ‘ nascent ’ 
must not he taken to imp]}' that the clement so qualified is 
in the atomic state v 

A consideration of the connection between the heat of 
reaction and the occurrence of chemical change led Uerthelot 
(in 1867) to the assumption that every spontaneous chemical 
reaction proceeds in that direction which leads to tin 1 
maximum development of heat (lie rf helot’s principle of 
maximum brat). The heat of inaction was thus regarded 
as a measure of the chemical o fihiifi / of a reaction ; that is to 
say* it was thought that the power urging a reaction in a 
certain direction was proportional to the heat. »»f the reaction. 
It is now recognised that such a view is untenable, since 
innumerable cases arc known in which endothermic reactions 
occur spontaneously. Nevertheless it, is generally true, that 
where the heat changes are very great, the reactions proceed 
mainly in the direction in which heat is evolved. 

The identification of heat as a form of energy drew 
attention very closely" to this aspect of chemistry, and 
the fundamental fallacy in identifying the power behind a 
chemical change with the heat of read ion is not very easily- 
grasped, until it is thoroughly realised that the amount of 
heat which is yirvn out by a system is not necessarily the 
same quantity as that which is produced within the system. 
Usually any chemical change results in the system being aide 
to hold less or more heat, as such, than it held before the 
change, so that less or wore heat than is art natty produced, 
as such, within the system flows to the exterior. 

At the absolute zero of temperature no material contains 
energy in the form of heat; hence at this temperature the 
whole of the heat developed during a ehemical reaction would 
flow out to the surroundings and appear as ‘heat of reaction.' 1 
At any other point on the therinometric scale, however, any 
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material contains that quantity of heat which it would yield 
if cooled to the absolute zero. 

If, therefore, two substances, A and ]>, react to form a 
Ihird, C, then, in general, the total heat they would give to 
the surroundings, if cooled to the absolute zero from the tem- 
perature. of experiment, varies with that temperature. For the 
<ak« of clearness, assume that the quantities of heat they 
contain in virtue, of their temperature, say at O' G. or 273° 
absolute, are respective]), A, 20 calories; 15, 25 calories; and 
(5, 50 calories. The total for A and 11 = 4-5 calories, which 
is 5 calories loss than G contains at the same, temperature. 
Thus were A and 15 to change into C in a bath maintained 
at 0 , then if the chemical change produced no appreciable 
amount of heat, the s} stein would absorb 5 calories from the 
bath, and tin* beat of reaction would bo -5 calories. If 
tbe chemical change produced less than 5 calories of heat, 
the heat of reaction would still be negative and the reaction 
still ‘ endothermic, ’ and only when tbe chemical change pro- 
duced more than 5 calories would the heat of reaction become 
positive. It is obvious, therefore, that chemical affinity 
cannot be measured, even approximately, by the beat evolved, 
but that when the. beat of reaction is so great that changes 
in the heat capacities of the reacting substances may he 
neglected in comparison, then the heat evolution may bo a 
rough measure of chemical affinity. 

Thus in the case of reactions between solids, heat of 
reaction is probably more nearly a measure, of chemical 
alUnity than in the case of liquids or gases, as the specific 
heats of solids are, very nearly additive quantities, and the 
products therefore have nearly the same heat capacity as 
the original substances. 

There*, are. purely thermo-dynamic reasons for believing 
that at the absolute zero the heat, of reaction is a measure 
of the tijliniffi of a change, i.e. the maximal external work 
which could he obtained from the. change. 
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The Law of Hess. 

The direct method given above (p. 337) for the measure- 
ment of the heat of reaction is only applicable in the case 
of those reactions (oxo- or endo-thermic) which continue, 
when once they have been started, without a further supply 
of external energy. It is possible, however, by indirect 
methods to measure the heat of reaction in other cases. 
Such measurements are based on an application of a general 
law (the law of Hess) that ‘ the change in hit mud energy 
resulting front the conversion of one system into another under 
given initial and final conditions is constant , and is hide • 
pendent of all intermediate physical and chemical changes 
Aff an illustration of this law the following example may bo 
given. 

Starting from a system of 1 gram-molecule of ammonia 
and 1 gram-molecule of hydrogen chloride, and an indefinitely 
large weight, say 100 litres, of water, all under certain 
conditions of temperature and pressure, it is possible to 
prepare a dilute aqueous solution of ammonium chloride in 
two ways. (1) I>y combining the two gases and then dis- 
solving the ammonium chloride in the water. (2) Jly 
dissolving the two gases separately in two equal or unequal 
parts of the water and then mixing the solutions. Experi- 
ments have shown that the heat development is the same 
in the two cases if the final conditions of the solution are the 
same. In the first case the combination of the two gases 
gives + 42,100 calories, and the solution of the solid ammonium 
chloride is attended by an absorption of — 3900 calories, so 
that the total heat development is +38,200 calories, hi the 
second case the solution of the ammonia gives +8400 calories, 
and the solution of the hydrogen chloride + 17,300 calories, 
and a further heat development of + 12,300 calories occurs on 
the solutions being mixed, so that the total is + 38,000 calories, 
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The results of such experiments may be expressed as 
follows, 

NH 3fe , <) + l-ICl tglw) ,NH 4 Cl (solid) +^ ) 100^als. 

^H 4 Cl (soIi(1) = NlI 4 Cl (llq) - 3900 cals. 

N If 3 (gus) + f^^(Kiis) = Nil 4 Cl( aq ) + 38,200 cals. 

Since the heat of reaction represents the difference between 
the total internal energies of the original and final systems, 
while it is impossible to determine the whole internal energy 
of any substance or system, these differences may be ascer- 
tained experimentally and used to determine others which 
cannot be measured directly. 

The heat of formation of hydrogen sulphide, for example, 
cannot be measured directly because the two elements oftly 
combine very slowly and incompletely, and under conditions 
which preclude thermal estimations ; nevertheless the value 
may be deduced indirectly in the following manner. 

The heats of formation of water and of sulphur dioxide 
may he directly determined by burning weighed quantities 
of the elements in excess of oxygen ; the values are respec- 
tively + 68,400 calories and +71,100 calories. 

The signs 2[H] and [O] being employed, for example, to re- 
present the unknown internal energies of a gram-molecule 
of hydrogen and of a gram-atom* of oxygen respectively, 
in calories, then from the * experimental data in the last 
paragraph, 

(a) 2[IF] + [O] = [11,0] + 68,400 cals. 

(Ij) [S] + 2[0]-[H<)J + 71,100 cals. 

The heat of combustion of hydrogen sulphide in excess 
of oxygon may also be determined experimentally, and may 
he expressed thus, 

(r) [1I 2 S] + 3[0] = [H,< )] + [SO,] + 136,710 cals. 

* In these and other thermo- chemical expressions it is often more 
convenient to represent the quantities of the elements concerned by 
grain-atoms instead of by gram -molecules. 
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From these it is required to determine the valuo of 
(,/) 2[II]4 [S]-[I1„K]. 

It is merely necessary to substitute in (d) the values of 
’2[H], [S], and [TLS], Riven l>y (a), (l>), and (<•). 

From (a) 2[H] = [H.,0]- [O] + 68,400 cuds. 

From (/') '[S] - 2[0] + [SO.,] | 71,100 cals. 

Therefore 2[H] + [S] _ [TI.,< I] • 3[< )] [S< >’,] + 1 30,500 cals. 

From (r) [H.,S] - [II j >] - 3[< )] + [SO“] + 1 36,7 1 0 cals. 

TI< ■uco, hy subtraction, 

2[H] + [K] - [H l ,S] + ‘2790 cals., 
or the heat of formation of hydrogen sulphide (one gram- 
molecule) from free hydrogen and solid sulphur is -f 2790 
calories.* 

The heat of formation or heat of reaction is generally 
determined at ordinary room temperature, hut the result is 
not independent of the temperature hy any means. If, 
however, the heat of reaction at any given temperature is 
known, as well as the specific heats of all the reacting sub- 
stances and products, then tin*, heat of reaction at any other 
temperature may he calculated. 

Jn the case where any changes nf state occur between the 
two temperatures, the latent heats of the changes must also 
he considered. 

Tims the heat of the lead ion, 

2H, H Oo- 2II.,0 ll(|lli<1 (fttO-), 
is 2 x f>8,400 cals , or Q — 13(>,800 cals. 

Q]» OJ the heat reqniied to raise 2 gram- molecules of hydrogen 
+ 1 gram-molecule of oxygen from O' to 100", is 

2 x 100 > 0*823 cals, f -l 100 x 0S23 cals. =2017 cals. 

Oat or the heat rerpiired to iaise 2 grain -molecules of water at 

* The Ju-ats of formation of compounds arc often expressed in largo 
calories, units 1000 times as great as the small calories (footnote, p. 135) 
used above. 

■f 0*82.3 cals is the mofcmlar heat of hydrogen under constant, pres 
sure, that, is, the heat re<iuirod to raise the temperature of 1 grain- 
molecule of hydrogen J * under constant pressure. The molecular heat 
ot oxygen is also 0*823 cals. 
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0° to water at 100" 4 the heat required to convert thin quantity of 
water at KM) 1 into steam at 1(M) , is 

2 x 18 x 100 cals. f2 x 18 x 53Tr4 cals.* =22,910 cals. 

Hence the heat of the reaction, 

2TT,4<)„- 21I a O VillllMll (at 100) 
is Q-f Q, - Q 2 = 1 10,9*17 cals. 

Since tins heat of reaction do] mi ids on the physical state of 
a substance, it follows that the different form 8 of an element 
have different heats of reaction under similar conditions; 
thus the. heat of formation of sulphur dioxide from rhombic, 
is less than that from monoclinic, sulphur. In like manner, 
sugar charcoal, graphite, and diamond have different heats of 
reaction when they are converted into carbon dioxide. 

The difference between the hen Ik of formation of Gfof, 
from one gram-atom of graphite and charcoal respectively 
evidently represents the difference in the internal energies of 
these two allotropic forms — in other words, is equal to the 
heat of the allotropic transformation. 


CHAPTER XXXVIII. 

Chemical Equilibrium. 

Thermal I Iihsooi ation. 

One common result of an increase in temperature is to 
bring about the permanent decomposition of complex mole- 
cules into simpler ones, as in the decomposition by heat of 
potassium chlorate, copper nitrate (p. 242), and tartaric acid 
(p. 282). In many eases, however, the decomposition which 
occurs when the temperature is raised is reversed when the 
temperature is lowered again slowly, provided that the products 
remain in contact, with one* another : sutatanccs (elements 
or compounds) which are affected in this way are said to 


The Intent liout of steam. 
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undergo thermal dissociation. Some typical cases of thermal 
dissociation may now be studied. 

Dissociation of Ammonium Chloride . — When ammonium 
chloride is floated it is converted into a vapour which condenses 
again when cooled, giving pure ammonium chloride (p. 246). 
Now the density, of this vapour determined at temperatures 
above 350° and at atmospheric pressure is found to be about 
13 3 ; that is to say, the vapour is about 13*3 times heavier 
than an equal volume of hydrogen under the* same conditions.* 
But the molecular weight of ammonium chloride, NH 4 C1, is 
53*5 (14 + 4 + 35*5), and therefore if the vapour consisted of 

NII 4 C1 molecules its density would be - -26*7 (p. 197). 

• In order to account for the unexpected (or abnormal t) 
result for the vapour density which is obtained experimentally, 
and which is only half the calculated value, it must lie con- 
cluded that every N1I 4 C1 molecule lias decomposed into two 
molecules, probably into NH s and JfCl. If this were so, then, 
since equal numbers of molecules occupy equal volumes under 
the same conditions of temperature and pressure, the volume 
of the vapour obtained from a given weight of ammonium 
chloride would be twice as great, and its density half ns great* 
as would be the case if the vapour consisted entirely of mole- 
cules of NTI 4 C1 ; that is to say, the experimental results would 
be satisfactorily accounted for. 

This conclusion, based on the results of vapour density 
determinations, may be confirmed experimentally in the 
following manner : A small quantity (say 1 gram) of 
ammonium chloride is placed in the glass tube of the 
apparatus shown in fig. 64 (p. 167) and heated until some 
of it vaporises. A stream of air is then gently blown 
through the inner porous earthenware tube (a), and a damp 
red litmus-paper is held in the escaping gas ; the colour of 

* The method used in determining the vapour density is described later 
(p. *71). 

+ Compare footnote, ]». 370. 
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the litmus soon changes to blue. At the same time a piece 
of damp blue litmus-paper previously placed inside the glass 
tube becomes rod. 

These results show that the vapour obtained by heating 
ammonium chloride is really a mixture of ammonia and 
hydrogen chloride. In the given apparatus the two gases 
have merely been separated from . one another to a small 
extent by the process of gaseous diffusion, in consequence 
of their different densities. As the density of ammonia, 
NII 3 , is 8*5, and that of hydrogen chloride, IIC1, is 18*2, the 
rate of diffusion of the former is greater than that of the 

latter in the ratio of - 1 (p. 167). Therefore, as 
v 8*5 vl8*2 

the two gases are under the same partial pressure (pp. 16*4, 
167), a greater number of molecules of ammonia than of 
hydrogen chloride passes through the earthenware tube in a 
given time. Hence, since the mixture in the glass tube 
originally contains equal volumes of the two gases, after 
diffusion has occurred, the diffused gas contains some free 
ammonia, and the undiffused gas some free hydrogen chloride. 
If, on the other hand, the gases are not separated from one 
another while the mixture is still at a fairly high temperature, 
they unite to form pure ammonium chloride. 

These facts prove that ammonium chloride undergoes 
thermal dissociation, a reversible change expressed by the 
following equation, 

N1J 4 C1 ^ — > NH ;l + HC1. 

In absence of every trace of water, ammonium chloride may lie 
vaporised without dissociation taking place (its vapour density 
is then 26*6), and ammonia and hydrogen chloride may lie mixed 
together without any combination taking place. Many other cases 
are known in which the presence of a trace of water is necessary 
for the occurrence of a reaction (decomposition or combination). 
Water, therefore, may be said to act as a catalytic agent in many 
chemical changes. A mixture of perfectly dry carbon monoxide 
and oxygen, for example, does not explode when it is sparked, 
although it does so in presence of a trace of water. 
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IJinnoriation of Nitrogen Tetro.ri<la. — The almost colourless 
crystalline compound nitrogen tetroxidc, N 2 0 4 (p. 2 1 b), melts 
«t> — 12° to a pale-yellow liquid (l>.p. 22'), which gives a dark 
reddish-brown vapour when it is warmed ; those changes are 
reversed when the vapour is cooled.* 

The results of. vapour density determinations show that 
this change in colour is due to thermal dissociation. At 150° 
(under atmospheric pressure) the density of the (brown) gas 
is 23, which corresponds with that, of a compound of the 
molecular formula NO., (M.W. - 40). At 2fT, however, the. 
density is 38, whereas that calculated for a compound of 
the molecular formula N.,< > 4 is 4b. Hence at 2b ' the vapour 
consists of a mixture of molecules of N.,<) 4 and No.,. J>e- 
tvleen 2G tJ and 150 the density gradually diminishes, lmf. it 
becomes and remains constant, for any constant temperature 
and pressure. 

These results prove that colourless nitrogen tetroxide 
undergoes thermal dissociation, giving a brown gas, nitrogen 
dioxide, NO* 

X 2 <> 4 « *NOo + NO a . 

1 vol. 1 vol. + 1 vol. 

At terni>erfttures considerably above 150" tin 1 molecules N() g 
dissociate into oxygen and nitric oxide, and at extremely 
high temperatures nitric oxide dissociates into its (dements 
<p. 299). 

Dissociation of ( lalrhnn Carbonate . — When calcium car- 
bonate is heated in an open vessel at a dull-red heat, say 
at 750°, it is cnwplcfrh/ decomposed into carbon dioxide and 
calcium oxide, but when it is heated in a closed vessel, so 
that the carbon dioxide cannot escape, a very different result 
is obtained. This can be proved by beating a considerable 
quantity of the compound in a metal tube which is connected 
wdh a pressure-gauge. At 5J7 decomposition commences, 

* If ft bull, fi with tin- n-M.-.h bnmn ga, ;tt. mdinaiy tmnpcra- 

tunm ih i,r»n*erne(l in a good freezing mixture, the contents of the bulb 
become almost colourless. 



CHEMICAL EQUILIBRIUM. 


351 


and continues until the pressure of the carbon dioxide 
becomes 27 mm., hut the pressure, and therefore the volume, 
of the liberated gas remain constant so long as the temperature 
re, mains constant. On the solid being heated more strongly, 
however, a further quantity of gas is liberated; thus at 6 1 0° 
the pressure rises to, and again becomes constant at, 47 mm.; 
at HI 2“ the pressure becomes equal to normal atmospheric 
pressure. At higher temperatures still, more gas is liberated, 
hut for every (constant) temperature the pressure of the 
carbon dioxide reaches a constant value. On the products 
being cooled sfotrlji, the carbon dioxide is gradually absorbed, 
until the pressure* corresponding with the lower temperature 
is reached ; helow 547 practically the whole of the gas is 
absorbed. i 

These experiments prove, that calcium carbonate undergoes 
therm a 1 diss< >ciation, 

CaC<> 3 ^ ^ChO + CO*. 

Many other compounds, as, for example, hydrogen iodide 
(p. 423) and phosphorus pentachloride (p. 544), undergo 
thermal dissociation. 

Dissociation of Sulphur. —The atomic weight of sulphur 
is 32 ; the value cannot be more than 32 because 1 gram- 
molecule of many sulphur compounds contains only 32 grams 
of sulphur (compare p. 108). ]\ T ow the vapour density of 
sulphur* at temperatures near its boiling-point (440°) and 
at atmospheric pressure is about 128, which corresponds with 
the molecular weight 256 ; lienee at such temperatures the 
molecule of sulphur is S H (32 x 8 - 256). As the temperature 
at which the vapour density is observed is raised, the value 
found continually diminishes until it becomes constant at 
about 1700’, and is then 32, which corresponds with the 
molecular weight 61 and the molecular formula When 
the, vapour at 1700 is allowed to cool, the molecules 8., 
combine to form molecules »S H , and family solid sulphur 

* Determined by tbe method described later (p. H71). 
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is again obtained. This dissociation is expressed by the 
equation, 


Chemical Equilibrium. 

In all cases of dissociation, a decomposition which begins 
by taking place with considerable speed at a particular tem- 
perature ttmm# to cease after a certain time when the products 
of dissociation are not allowed to escape. Thus in the case 
of nitrogen tetroxide the density becomes and remains per- 
fectly constant under fixed conditions when only a portion 
of the gas is decomposed, and dissociation is incomplete over 
a considerable range of temperature. Similarly, when calcium 
carbonate is heated at, say, (>1 0 in a closed vessel, the pressure 
of the carbon dioxide attains a constant value, at which it 
Temains no matter how much calcium carbonate is taken and 
however long the heating is continued. 

Now it cannot be believed that changes which commence 
with considerable speed at a particular temperature proceed 
only for a time and then come to an end. It seems much 
more reasonable to assume that the apparent cessation of 
change is really the result of two opposed reactions which 
are taking place with equal speed ; that is to say, all change 
seems to he at an end because, in any given time, the weight 
of substance which is dissociated is exactly the same as the 
weight of that substance which is formed by the reverse 
reaction. 

This conclusion is fully confirmed by other experimental 
evidence. It can be proved that the changes are reversible 
and may be made to proceed in either direction ; also that, 
shirting with a system consisting wholly of the undissociated 
molecules or with one consisting wholly cf the products of 
dissociation, the same final result is ultimately reached if 
tlm different systems are brought to the same conditions 
of temperature and pressure. 
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When, for example, {a) ammonium chloride is slowly heated to 
3(H)”, and (6) equal volumes of hydrogen chloride and ammonia are 
mixed at 500° and then cooled to 300”, the pressure being the same 
in both eases, the iiual systems have the same vapoui>dcnsity, and 
theiefore contain molecules of NII 4 C1, HC1, and NH a in the same 
proportions in the two cases. 

A system, such as one of the above, the composition of 
which remains constant owing to the occurrence of two 
opposed reactions, is said to be in a* state of equilibrium. 
The study of the conditions which determine the chemical 
equilibiium of a system is of the utmost importance. 

Tue Influence of Concentration on Chemical 
Equilibrium. 

lu the examples of reversible chemical change classed *as 
thermal dissociations, a state of equilibrium is attained by the 
system, under constant conditions, owing to the occurrence ,ol 
two opposed reactions which are taking place with equal 
speeds. Now under those conditions at which dissociation 
begins, the reverse reaction (combination) must be taking 
place, for the moment, at a relatively smaller speed, otherwise 
decomposition would not he progressive. At the state of 
equilibrium, however, the speeds of these two reactions have 
become equal. It is now necessary to consider how this 
equality is established. 

For this purpose, attention may first he drawn to the 
reversible reaction which takes place between iron and steam. 
It has already been shown that steam is decomposed by iron 
at a red-heat (say at f n ), with formation of an oxide of iron, 
Ee 3 0 4 , and liberation of hydrogen ; on the other hand, this 
same oxide of iron is reduced by hydrogen at a red-heat (f°), 
with formation of iron and steam ; these reversible reaction* 
are expressed by the equation, 

3Fe + 4H„0 < — > Fe a 0 4 + 4H 2 . 

Now it is clear that in the first case the speed of the 
reaction expressed by reading the equation from left to right 

Inorg. w 
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must bo very much greater than that of the opposed change, 
whereas in tin*, second on so the relative speeds of these two 
reactions mpsl be, reversed. The question is, how is this 
reversal brought about? Consider what would occur if sortie 
iron and water were heated together in a dosed vessel at a 
red-heat (t°). At first a reaction commences which is 
expressed by reading the above equation from left to l ight, 
and after sonic time a* certain proportion of the steam will 
have been decomposed. As this decomposition progresses and 
the quantity of steam present gets less and hiss, the weights 
of oxide of iron and of hydrogen which are formed in unit 
time under given conditions will also continually decrease. 
But as soon as oxide of iron and hydrogen have been formed 
the reaction expressed by reading the equation from right 
to left also commences. At lirst the weights of iron and of 
steam which are produced in unit time can only be small, 
because so little oxide of iron and hydrogen are present in 
the vessel, hut as the quantities of the latter increase, so 
also will the weights of the iron and steam which are pro- 
duced in unit time. 

Hence, starting with a system of iron and steam at any 
constant temperature at which the reaction is reversible, the 
speed of the one change gradually diminishes, while that (if 
the other gradually increases. The consequence is, that after 
the system has been kept for a suHicient time at the constant 
temperature, the two opposed changes will he taking place 
with equal velocity and a condition of equilibrium will have 
been attained, the composition of the system remaining 
constant 

As this condition of equilibrium is the result of two 
reactions which ‘ balance * one another, reversible reactions 
arc often termed balanced reactions. 

Now if, when equilibrium has been attained, some of the 
hydrogen (hut not the steam) present in the vessel could be 
removed, the weight of oxide reduced in unit time would 
he lees than before ; that is to say, the removal of the hydro* 
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gen would diminish tho spend of the reaction from right to 
left, hut would have no elfect on the .speed of the reaction 
from left to right. Therefore, if from tin*, vjsry ft tat the 
whole of the hydrogen were removed as fast as it was pro- 
duc'd, the reaction would proceed from left to right as quickly 
as before, but the reverse change could* not take place at 
all. 'This is what happens when- steam is passed over red-hot 
iron ; in this process the hydrogen is swept away from the 
oxide by the current of steam as fast as it is formed. In an 
exactly parallel manner, the removal of some of the water 
vapour from tho tube when equilibrium has been reached 
would disturb the equilibrium, and the weight of water de- 
composed in unit time would he decreased, while the velocity 
of the reaction from right to left would not be alfecied. 
Consequently heated oxide of iron may be completely re- 
duced by passing a stream of dry hydrogen over it, because 
the water vapour is swept away from the iron and the reverse 
reaction cannot take place. 

The general principle illustrated by this case is one of very 
grouL importance, as it applies in all reversible or balanced 
reactions, including those classed as thermal dissociations. 

Chemical change takes place between individual molecules 
which come into contact with one another or which them- 
selves decompose. When, therefore, the number of molecules 
of a gas, liquid, or dissolved substance in a given space or 
volume is increased, these molecules come into contact with 
one another more frequently in a given time, and greater 
nambers of them undergo change. To put this in another 
way : if the molecular concentration of a gas, liquid, or 
dissolved solid* is defined as the number of y ram-molecules of 
that substance in unit volume , and the speed or velocity of a 
reaction is defined as the total chany e in molecular concentra- 
tion of one of the chany iny substances in unit time, then any 
increase or diminution in the molecular concentration of a 

* 'Hie molecular com-ont ration, of a solid, as xnch, may be taken as 
ooijhtant. 
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substance which is taking part in a reaction produces an 
increase or diminution in the speed of that reaction. 

Applying Allis conclusion to the reversible reaction just 
considered, it may now be stated that, starting from a closed 
system of iron and steam, the speeds of the two reactions 
ultimately become the same because the molecular concentration 
of the steam gradually diminishes, while that of the hydrogen 
gradually increases. Similarly in cases of thermal dissocia- 
tion ; the molecular concentration of one or of both the 
products of dissociation, which at first is nil, gradually 
increases until it reaches such a value that the speed of 
combination equals the speed of decomposition. 

It follows therefore that if, at the state of equilibrium, 
the molecular concentration of one of the substances is 
changed by any means, the state of equilibrium is also 
disturbed. Similarly, if one of the products of a reversible 
change is added to a system which is giving that product, 
the reaction does not proceed so far as it otherwise would, 
because the limiting molecular concentration of that product 
is reached at an earlier stage. Thus when ammonium chloride 
is heated in a vessel previously filled witli ammonia, or with 
hydrogen chloride., the dissociation is less, for a given tem- 
perature, than when the vessel is filled with air ; in like 
manner, the dissociation of calcium carbonate is more limited 
when the compound is heated in an atmosphere of carbon 
dioxide than when it is heated in the air. 

La Chatelier’s Huh. —Systems in which solids are in 
equilibrium with gases or solutions, or in which liquids are 
in equilibrium with gases or vapours, are known as systems 
in heterogeneous equilibrium. In all such systems, of the 
two reversible physical or ^^tyical changes which are 
taking place, one is exqf erm j c / the other endothermic. 

Thus in the equilibria Jp reS(jnt Jrd by solid -4 ^vapour, or 

liquid-*? >- vapour, j£ change/ ^ roni left to right is exo- 

thermic, that from to ? left endothermic. In the equili- 
brium solids — ^uiution, as already shown (p. 308), the 
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change from left to right may he either exothermic or endo- 
thermic, hut the change from right to left is then endothermic 
or exothermic as the case may be. Similarly in the case of 
reversible chemical changes, such as the dissociation of cal- 
cium carbonate. 

Now in all systems in equilibrium, whether the system is 
heterogeneous or homogeneous, the result of a changes in the 
conditions is expressed by Le Chatelier's rule, which may 
be stated ill the following form : 1 When one or more of the 
factors determining an equilibrium , namely , pressure, tem- 
perature , or concentration, is changed , then the equilibrium 
automaUcal! y alters in the direction which lends to neutralise 
the effect of that change 

If, for example, the temperature of the system is raised 
by the application of external warmth, then those changes 
will occur within the system which tend to lower the tem- 
perature, that is, those associated with absorption of beat. 

Thus calcium carbonate dissociates with absorption of beat; 
consequently when a system containing calcium carbonate 
in equilibrium with lime and carbon dioxide is raised in 
temperature, more calcium carbonate dissociates, because in 
so doing it tends to restore 1 ho original conditions. The 
pressure of the carbon dioxide therefore increases as the 
temperature rises. 

Had the dissociation occurred with evolution of heat., then 
the opposite effect would be observed. Hydrogen iodide 
dissociates to a smaller and smaller extent as the temperature 
rises, and from tin’s point of view endothermic substances 
must be regarded as increasing in stability with rise in 
temperature. 
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• CHAPTER XXXTX. 

Chemical Equilibrium in Aqueous 
Solution. 

Many reactions which occur in aqueous solution are 
reversible, and the direction in which any reaction proceeds, 
as well as the condition of equilibrium, then depends, as in 
other cases, on the. relative molecular concentrations of the. 
substances concerned in it When, for example, nitric acid 
is qdded to an aqueous solution of sodium « biocide and the 
solution is evaporated, the residue consist*, of ? mixture of 
sodium chloride and sodium nitrate , when this residue is 
dissolved in water, and again evaporated with nitric acid, and 
these operations are repeated several times, crystals of pure 
sodium nitrate arc ultimately deposited. 

Oil the other hand, when a solution of sodium nitrate is 
repeatedly evaporated with hydrochloric acid in the manner 
just described, a residue of pure sodium chloride is iinally 
obtained. 

These facts show that the reactions, 

NaCl + HX() 3 ^ ^ XaN< > . + H< ;j, 

are reversible, and the. results in the above two cases are in 
accordance with the general principle already explained. 

On aqueous solutions of sodium chloride and nitric acid being 
mixed together, the reaction proceeds from left to right until 
a condition of equilibrium is attained ; on evapoiating, the 
volatile nitric and hydrochloric acids pass away, and then*, 
remains a mixture of the two salts. < hi nitric acid being again 
added, a further quantity of sodium chloride is converted into 
nitrate and a new equilibrium is reached ; on evaporating, a 
further quantity of hydrochloric acid volatilises ami sodium 
nitrate is deposited. Finally the change is complete, and the 
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more rapidly, the*, greater the relative concentration of the 
nitric, acid in each operation. For exactly similar reasons 
sodium nitrate is changed into sodium chloride when it is 
repeatedly evaporated with hydrochloric .acid.* * 

This example illustrates the fact that the complete change 
of one salt into another by the action of an acid, that is 
to say, the complete, displacement of one acid by another, 
depends on the removal from the system of the acid which is 
being displaced, or of the salt winch is being formed. 

For this reason nearly all acids decompose carbonates. 
The ruibohie acid which is first produced by a reversible 
double decomposition, 

Na 2 C<> ;{ + 2HC1 ^ — > 2NaCl + K.OO,, 

decomposes into carbonic anhydride, which escapes as a gas, 
and water; the reverse action, namely, the decomposition of 
sodium chloride by carbonic acid, is thus almost entirely 
prevented, so that the reaction proceeds continuously in 
llit* one direction. The liberation of carbon dioxide from a 
carbonate is therefore used as a test for an acid. 

Sulphuric acid is far less readily volatile than nitric acid or 
hydrochloric acid; hence sodium nitrate and sodium chloride 
are decomposed completely when they are heated with excess 
of sulphuric acid, because the removal of the volatile acid 
prevents the occurrence of. the reverse reaction. Sodium 
chloride, or sodium nitrate, cannot he, obtained by evaporat- 
ing podium sulphate with hydrochloric or with nitric acid ; 
although in aqueous solution the reversible action, 

Nn 2 Sl + 1 101 + - -> NaCl + NaHSO* 

occurs, the hydrochloric acid volatilises on the solution being 
evaporated, and the reaction proceeds trom right to left until 
the whole of the sodium chloride is d< composed. Sodium 

* The fact that hydrochloric and nitric acids decompose one another 
(p. 236) may he left out of consideration, as this decomposition makes 
no essential difference to the argument. 
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silicate, however, may he obtained by strongly heating sodium 
sulphate with silica (p. 292), 

# Na 0 S( ) 4 ■+■ Sit ^ Nj^SviOjj + S( 1^, 

because sulphur trioxide is volatile, while silica is not. 

T1 le liberation of minimum from its salts (j>. 268) by the 
action of calcium hydroxide or sodium hydroxide depends on 
this same general principle. The reactions, 

2NII 4 C1 + Ca(OU).,^— >CaCl* + 2JS T II 4 (()II) 
and NHjCl 4- KaOlI ^ ^KaCl + N1I,(< >H), 

are reversible in aqueous dilution, but as ammonium hy- 
droxide decomposes readily, giving ammonia, which escapes, 
and water, on an ammonium salt being heated with excess of a 
firfed alkali (p. 268) the reaction proceeds from left to right 
until the whole of the salt is decomposed. 

The complete decomposition of a chloride when its aqueous 
solution is treated with excess of silver nitrate (p. 149), and 
the complete decomposition of a sulphate when its aqueous 
solution is treated with barium chloride (p. 227), offer further 
illustrations of this general principle. In these reaclim s, 

NaCl 4- AgNO, NaNO, + AgCl 
Na L ,S( ) 4 + llaCi 2 - 2NaCl 4- P>aS0 4 , 

one of the products is insoluble, in the liquid present, and when 
it separates in the solid state the result is essentially the 
same as if it had been removed altogether, as its molecular 
concentration is practically nil. lienee in all cases in which 
an insoluble product is formed from two soluble substances, 
the reaction proceeds practically to completion. 

Although barium sulphate is almost insoluble in water, it 
is slowly converted into barium carbonate when it is heated 
with a large quantity of a concentrated aqueous solution of 
sodi u m carbon ate, 

Ua*S0 4 4- N a t> CO s < — > BaCO s 4- iS r a L> S( ) 4 . 

This is due partly to the fact that one of the products, namely, 
the barium carbonate, is even less soluble than the sulphate, 
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and consequently, although the latter is only slowly attacked, 
the change from right to left takes ] dace still more slowly; 
also to the fact that the concentration of the sodium carbonate 
always greatly exceeds that of the sodium sulphate. 

Hydrolysis. 

There are so many chemical changes in which water plays 
a part, that the term hydrolysis is used to denote any reliction 
in which water undergoes double decomposition (p. 147) ; as 
a result of such changes the water molecules are resolved into 
hydrogen atoms and hydroxyl-groups (p. 250 , and these por- 
tions of the water molecules are both iixed in the products 
of hydrolysis. 

When, for example, phosphorus trichloride (p. 543) is 
treated with water it is Itjjdroh/apd ) or undergoes hydrolysis ; 
each of the three chlorine atoms is displaced by a univalent 
hydroxyl-group ( — Oil), hydrogen chloride and phosphorous 
acid being formed as products of hydrolysis, 

PC1 3 + 311./) - 3HC1 + P(()II) 3 . 

The decomposition of water by an element, such as sodium 
(]). 253), is not a process of hydrolysis, hut the term mitjht lie applied 
to the combination of an anhydride or of a basic oxide with water, 
as the elements of water are fixed in the product. 

►Some hydrolyses are not* appreciably reversible reactions, 
as, for example, that given above, hut many are reversible ; 
in the latter case the direction in which the reaction pro- 
ceeds and the condition of equilibrium depend on the relative 
molecular concentrations of the substances taking part in the 
change. 

Thus when bismuth trichloride (p. 570) or antimony tri- 
chloride (]). 564) is treated with water hydrolysis occurs, and 
in each ease two atoms of chlorine are displaced by hydroxyl- 
groups, 


BiCl, + 2H/) v 2TTCI + r,iCl(( >H), 
SbCl 3 + 2H“0 -< — > 21101 4- SbCl(OH)“. 
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The primary product of hydrolysis in l>oth cases is unstable, 
and decomposes, giving a precipitate of bismuth oxychloride 
or of antimony oxychloride as the case may be, 

BiCl(OH) 2 - JiiOCl + 
SbCl(OlI)o-SbOCi+lf/>. 

As these secondary products are insoluble in water, hydro- 
lysis is practically complete in presence of a large excess of 
water ; but if hydrochloric acid is added in excess, the pre- 
cipitated oxychlorides are reconverted into the trichlorides, 

BiOCl + 21 TCI — IhCl, + H 2 <), 

anjl the hydrolysis of tin? trichlorides is prevented by the 
increased concentration of the hydrochloric acid. Conse- 
quently both the trichlorides dissolve in concentrated hydro- 
chloric acid without undergoing hydrolysis. 

Many other salts are, hydrolysed by water. In some, as 
in the above cases, an insoluble product is formed, and conse- 
quently when excess of water is used the change is practi- 
cally complete. 7 int m others, in which the products of 
hydrolysis are soluble, the change, which is of course incom- 
plete, can only bo detected by examining the solution in some 
appropriate manner. 

Many carbon coni] rounds offer excellent, illustrations of the 
phenomenon of hydrolysis. 

The Low of Mw km Action . — The idea of chemical equi- 
librium was first brought forward by iierthollet (1799), who 
also recognised the, fact that the, condition of equilibrium 
depends on the relative concentrations of the substances taking 
part in it. The* Jaw relating to such phenomena was first 
clearly formulated by Child herg and Wnage (]Nb7) and is 
known as the, law of mass action ; as it was baaed on a 
study of reversible double decompositions, if, may be explained 
by considering a reaction of this type. 

When two substances, A and 15, are transformed by double 
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decomposition (or double substitution) into two now sub- 
shmccs, A' im«l IV, and under the sumo conditions, A' and 
J*/ can Iran a foim themselves into A and 15, neither change is 
complete. At the end of the, reaction the four Substances, 
A, B, A', IV, arc all present. 

When equilibrium is attained the speed of formation of 
A' and IV is equal to that of the formation of A and B, 
bemuse the two reactions are proceeding with equal velocity. 
At any constant temperature the reaction velocity depends on 
(1) the rrlncHy coefficient of the reaction, which is deter- 
mined by the nature of the substances concerned; (2) the 
active ntcitisrn of the substances A and B, or A' and I)', that 
is to say, their concent ration* as measured by the number of 
gram-molecules in one litre of the mixture.* # 

Now it was shown by (Juhlberg and Waagc that the 
reaction velocity is proportional to the product of the active 
masses of the two interacting substances, A and 1>, or A' and 
IV. If then the velocity eoeilicient of the direct reaction is 
/-*, and the molecular concentrations of A and 1» are and ry 
respectively, the velocity (/’) of this reaction is r — fo\c %1 . 
Similarly, if the velocity coefficient of the reverse reaction is 
//, and the molecular concentrations of A' and IV are and 
c 2 ' respectively, then the velocity (r) of this reaction is 
d - 7/cjVA At any moment the total speed of formation of 
A' and B' is given by the. difference between the speed 
at which they are being formed from A and B and the 
speed at which they are changing into the original sub- 
stances A and B ; this difference is represented by c — d 

At equilibrium the total speed of the reaction is 0, the 

* The term activi ulus'- ».r molecular concentration is only used in 
reference to the number i»f molecules of a substance in the gaseous, liquid, 
or dissolved state; the active mass of a aofnl may he taken as constant as 
regards its influence on the equilibrium, because the concentration of a 
solid in a solution, or of the gases it gives off, is constant at equilibrium at 
any fixed temperature, and it is on the dissolved, gaseous, or liquid sub- 
stance that the velocity depends. 
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liroct and opposed mictions having equal velocities, so that 
here 


% k (\(\ 2 - k ' c i r 2 — i \ or . , = ; - 2 > 

and since k and k' are constant for any given temperature, 
k c c 

then and therefore 1J is also constant, no matter what 
n 

were the quantities of A, II, A' and JV originally present. 

Jc 

This value ~p (usually represented by K) is called the 


pqinlihrimn conafmtf of the reversible reaction, and may he 
determined experimentally by ascertaining the composition 
of the mixture, that is to say, the values of c v r.„ rq', c 2 at 
&he condition of equilibrium. 

The foregoing discussion deals with the simple case in 
which only one molecule of each of the reacting constituents 
takes part in the direct and opposed reactions. When the 
equation representing the reactions involves more than one 
molecule of each of the reacting constituents, say n v n. 2t and 
riy and tz 2 ', 

WjA + w 2 II - w/A' + w 2 T)', 
then the velocities are to bo represented as 


v = kc^c^ and v = 


and at equilibrium 


k r / M] 

k v ~ 2 1 


and this law applies as strictly to those reactions which occur 
instantaneously as to those which proceed with measurable 
speed. 

The application of the law of Guldberg and Waagc to one 
or two cases already dealt with may be pointed out. Tn the 
equations which are used, the. concentrations of the reacting 
molecules are indicated by letters underneath the respective 
formula. 
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(a) The dissociation of calcium carbonate, 

CaC( ) 3 — Ca( ) + C0 2 

Here % — K = C ^* 9 but, as CaCO. and CaO are solids, their 
/r «, 

active masses c 1 and r 2 arc constant at any given temperature; 
hence the equilibrium equation nuiy.be written, 

K - c 3 ; 

or the concentration of the carbon dioxide above a mixture 
of lime and calcium carbonate is constant at equilibrium ; 
hence its pressure, too, is constant for any given temperature. 1 ' 
In cases of dissociation K is known as the 'dissociation 
constant.’ * 

(b) The equilibrium between Fe, Fe 3 0 4 , H 2 0, and H 2 , 

3Fe + 4H. 2 0 = Fc.,( ) 4 + 4II 2 


Here K = ' ^ 

w 


; but as and r x are constants, Fe and Fe 3 0 4 


c * c 

being solids, it follows that and tlicrefore — is constant. 

c 2 (\> 

In other words, at equilibrium the ratio of the concentrations 
of the steam and the hydrogen is always the same at any 
given temperature. 

(c) The dissociation of nitrogen tetroxide, 


n 2 o 4 =no 2 +no 2 

r~j (‘.i 

r 2 

Here K J- at a fixed temperature. The ratio of c 3 to c l 

is not fixed, but depends on the absolute concentrations of 
the gases ; in other woi^ls, it varies as the mixed gas is more 
or less compressed. 

* This is argument in a circle, certainly. The case is used, however, 
only to show that the conclusions arrived at are consistent with the 
faots. 
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(tJ) The dissociation of hydrogen iodide, 

III + III - lio 4- lo 

• r i <‘i <*:j 

f* 

Here K ^ Starting with pure hydrogen iodide or with 

V 

equimolecular proportions of hydrogen and iodine, then 

r y 

c., and K - so that * is also constant. In other 

words; tlie ratio of hydrogen to hydrogen iodide is (ton slant 
at constant temperature, and therefore compression, expansion, 
or dilution i\ith an inert gas does not allee.t the proportion of 
the gas winch is dissociated. This is true in all instances 
where the number of gaseous or dissolved molecules on each 
lidc of the chemical equation is the same. 

An increase in the h\drogen concentration, other things 
being equal, will of course result in an increase in the con- 
centration ot the hydrogen iodide, at the expense of the free 
iodine vapour. That is, the amount of dissociation is decreased 
in presence of excess of one of the products of dissociation. 

Hence it is that many substances which have an ‘abnormal J 
vapour density (footnote, p. .*570) owing to tin* occurrence of 
dissociation give a nearly normal value, when vaporised in an 
atmosphere of either of the products of their dissociation. 

(f«) Tlie dissociation of phosphorus pen bichloride, 

VCI.-VCL + Cl., 


r c. r 1 

Here K~ — or 1 — pr'*.,, or the ratio of undissooiated phos- 

r*i r 2 k ,J 

phorus pentachlorido t<* phosphorus trichloride is proportional 


to the concentration of the free chlorine. 


Similarly ^ 


or the ratio of undissoeiated pcntnehloride to free chlorine is 
proportional to the, free trichloride Hence nearly normal 
vapour densities are obtained on vaporising phosphorus 
pentachloride in an atmosphere of either chlorine or of phos- 
phorus' trichloride. 
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CHAPTER XL. 

Osmotic Pressure. 

jj When a glass vessel tilled with spirits of wine is closed with 
a bladder and the whole is then immersed in water, the hladdei 
expands, indicating an increase in the contents of the. vessel, 
and may hurst as the result of the increase, of internal pressure. 
Further, when two different liquids, such as water and a 
solution of a salt, arc separated by an animal membrane, 
there, results a change in level, the salt solution increasing in 
quantity at tin; expen&e of the water. * 

In these experiments the water passes freely through the 
animal membrane, but the. dissolved substance does not, except 
to an inappreciable extent. 

Any partition, such as animal membrane, through which 
some substances, but not others, can pass, is termed a semi- 
)»‘rnwahfa partition or diaphragm. Various semi-permeable 
partitions much more ellicient than animal membrane can 
be prepared. 

When a drop of a concentrated solution of potassium ferro- 
eyanide, (p. 7 Ob) is carefully placed in a very dilute solution 
of copper sulphate, the drop is immediately surrounded by a 
coherent film of insoluble copper forroeyanido, which is formed 
by double decomposition. This film is a semi-permeable 
partition ; it is impervious to the two salts from which it has 
been produced, but water from the external dilute solution 
passes through it freely, and there soon results a pressure 
which causes the film to burst. The liquid emerging at once 
forms a new film, which m the course of time bursts, and by 
a continuation of these processes a branched mass of consider- 
able size is ultimately formed. 

In order to measure, the pressure in eases of this kind tin 
semi-permeable film must be artificially supported ; this is 
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accomplished by producing the film or partition in the walls 
of a clean, porous earthenware pot or ‘cell.’ 

The cell y* first soaked for some hours in a dilute solution of 
copper .sulphate ; it is then washed out with water, filled with a 
dilute solution of potassium ferrocyanide, and allowed to stand 
in a solution of copper sulphate. In this way a semi-permeable 
partition of copper ferrocyanide is formed within the porous 
earthenware. 

If various solutions arc successively placed in such a cell 
and the mouth is closed with a perforated rubber stopper so 



Fig. 90. 

that the interior may be connected with a pressure-gauge (or 
manometer), then on placing the cell in water the increase in 
pressure which is observed may be measured. 

This pressure is called osmotic pressure, and the values for 
the osmotic pressures of solutions arc strikingly large. Thus 
even with 1 per cent, solutions, osmotic pressures of two 
or thiee atm os.pl i ores are obtained with salts and other elec- 
trolytes, and pressures of more than half an atmosphere with 
cane-sugar, but only small pressures are given by solutions 
of certain amorphous materials, such as gums. 

AqueoUs solutions which produce the sunic osmotic pressure 
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ire called isotonic , and all such solutions, when separated from 
me another hy a sonii-permeablo membrane, are in equilibrium 
with one another. 

» 

Methods for determining whether or not solutions are isotonic 
nave been devised, and among the more interesting is that based 
■m the observation that when living cells are placed in strong salt 
solutions, the protoplasmic contents appear to withdraw from the 
side of the cell (plasmolysis), as shown in fig. 90. 

The reason appears to he that the protoplasm is covered hy a 
ernhrane which resembles those formed by precipitation and is 
pervious to water but impervious to most dissolved substances. 
The contents of this membrane contain dissolved substances, and 
if placed in salt solutions of high concentrations they lose water 
and contract, while in more dilute solutions their tendency would 
rath jr he to expand. Solutions of substances soluble in water may 
be made and diluted with known quantities of water until tfiey 
just cause plasmolysis with similar cells ; these are then nearly 
isotonic* with the cell contents, and therefore with one another. 
Blood cells, as well as plant cells, may be used. 

Osmotic pressure increases with temperature, and is pro- 
portional to the absolute temperature ; hence solutions 
which are isotonic at low, are also isotonic at higher, tem- 
peratures. 

The osmotic pressure of any solution is proportional to 
the weight of dissolved substance in a given volume of the 
solution ; further, quantities of different dissolved substances, 
which are in the ratio of the molecular weights of these 
substances, produce equal pressures at equal temperatures. 

The molecular weight of a dissolved substance may there- 
fore bo determined by measuring the osmotic pressure of a 
solution containing a known weight of that substance, and 
comparing the value with that obtained at the same tempera- 
ture with a solution of a given weight of some substance of 
known molecular weight. 

The measurement of osmotic pressure, however, presents 
considerable difficulty, and therefore this method of determin- 
ing molecular weight is little n«ed. Moreover, it is much 
easier to determine other values which are nropoTtional to 
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osmotic pressure, such ;is the depression of tin; freezing-point, 
or the elevation of the boiling-point. 

The most important theoretical result of a study of osmotic 
pressure is that the osmotic pressure of a substance is the 
same as the gas pressure which it would exert if it existed as 
a gas in the same volume at the same tempera tun 4 in absence 
of the solvent (van't Hoff's Law). In other words, the laws 
of Hoyle (p. 154) and of (lay-Lussae or Charles (p. 158), and 
Avogadro’s hypothesis (p. 193), apply to dissolved substances 
if osmotic pressure is used instead of gas pressure. Thus a 
1 per cent, solution of cane-sugar (M.W. 342) contains 224 
224 

grams or t =065 gram-molecules in 22 4 litres, so that at 

t)42 

normal temperature it exerts an osmotic pressure of 0 65 of 
an atmosphere. 


CHAPTER XL! 

The Determination of Molecular 
Weight. 

In some of the cases of dissociation which have just been 
considered, and in others which will be referred to later, tins 
principal or the only evidence of the occurrence of dissocia- 
tion is afforded by vapour density determinations.* The 
results of these determinations show that the vapour density 
varies witli the temperature, which would not he the case if 
the number of molecules in the vapour remained constant, or, 
in other words, if the molecular weight of the substance 
underwent no change. The great importance of a knmv- 

* Substances which dissociate are still sometimes spoken of as having 
abnormal vapour densities, he cause when tlicir densities were first, ex- 
amined, and Ik ‘ fore the occurrence of dissociation had hi-cjii recognised, the 
values obtained experimentally differed from t,1ios«* which were calculated 
from the known (or probable) molecular formula:, and therefore seemed to 
be abnormal 
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bulge of molecular weight has already been pointed out, and 
the methods used in determining the*, vapour density, and 
therefore also the molecular weight, in the ease of a gas or a 
readily volatile liquid or solid have been described (pp. 159, 

1 (>()).* It is obvious, however, that these particular methods 
are limited in their application, and could not. he conveni- 
ently used in the case of substances of high boiling-point, or 
of those which decompose without vaporising. 

Fortunately other ways of determining molecular weight, 
applicable in such instances, are known. 

Victor Meyer's Method for the Determination of 
Vapour Density. 

When a substance vaporises, but does so only at a Rela- 
tively high temperature, its vapour density (and from this 
the molecular weight) is detenu hum l b\ a method devised 
by Victor Meyer. 

The principle of iIih method is to convert a utdfjhad 
quantity of the suhstane** into vapour very rapidly, and iu 
such t i way that the vapour displaces its own volume of air; 
the m/uw* 1 of the displaced air, winch is equal to that of tlie 
vapour under .my ‘conditions of temperature and pressure 
common to both, is then measured. 

The apparatus is shown in tig. 91. The bulb tube (a, h) is 
closed (at a) by means of* a rubber stopper, and is heated by 
the vapour of some liquid of constant boiling-point t con- 
tained in the outer vessel (e) ; as the air expands it escapes 
through the narrow tube (d), which dips under the water in 
the vessel (e). As soon as the temperature of the bulb tulie 
(h, b) becomes constant — that is to say, when bubbles of ail* 
cease to escape from (d) — tin* graduated tube (y) is filled with 
water and inverted over the end of (d) ; the stopper (tt) is now 

* The method given there (p H»0) for u^e in tlic ease of readily volatile 
substances is known as Dtiiini*' nit f /nut. ‘ 

! Ln determining the vapour density of substances of high boiling-point, 
diphcnylamine (b.p. SH<)°) or sulphur (b.p. 4-4S°) maybe used, or the bulb 
tube {ah) may be heated at a constant temperature in a metal hath. 
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removed, and a small bottle nr bulb completely fill (id with a 
weighed quantity (about 0 05 glam) of tin* liquid is dropped 
into the apparatus,* the stopper (a) being replaced as quickly 
as possible. 'The si distance immediately vaporises, and the 

vapour forces some 
of the air out of the 
apparatus into the 
graduated vessel {(f). 
When air ceases to 
issue* from (d), the 
stopper (tf) is at 
once taken out to 
prevent the water in 
(••) from being sucked 
back into, the appa- 
ratus. 

The volant e of the. 
vapour is ascertained 
by measuring the 
volume (r) of the air 
in the graduated 
tube, its temperature 
(t ) and the baro- 
metric pressure. (T>) 
being noted. The 
volume of the air in 
Fig. 91. {(f) is not the same as 

that actually occupied 
by the hot vapour in («, //), because the displaced air has been 
cooled, and is measured under a different pressure. Its 
volume now is equal to that which the (firm weight of vapour 
would occupy under the name conditions of temperature and 
pressure, 

Ibe temperature of the volume, /*, of air being f°, and tins 

* In nnlfi f'- prevent fracture, a Jjttie dry asbestos, glass-wool, or sand 
is placed in 
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bright of tlio barometer B, the volume at N.T.P. would bo 
273 I> ~ T 

v x j.T being the tension of aqueous vapour at 

t° (]). J 56). The weight of an equal volume of hydrogen at 
N.T.I\ is theiucalculated and divided into the weight of the 
substance taken ; the vapour density is* thus obtained, and 
from it the molecular weight (compare p. 204). 


The liquid in (r) should have a boiling-point at least 25° higher 
than that of the substance of which the vapour density is requited 
in order that the latter may ho rapidly vaporised — otherwise its 
vapour may condense again higher up the tube, if, as is generally 
the case, the tcnipeialiiK of the aii in the tube (a, b) is lower at the 
top than at the bottom, this is of no consequence ; nor does it 
matter if the displaced air is colder than the vapour, or i& the 
vapour is cooled a htllc while it is displacing the air. This is 
because any diminution in the volume of the air displaced from the 
tube (ff y h) arising fiom these causes is exactly compensated for 
during the subsequent cooling to V ; the lower the original tem- 
pera tine, the smaller the subsequent contraction. If, for example, 
tbe hot vapour measuied 23 e.c. at 250 but only displaced *24-04 c.e. 
of aii owing to the latter being of the average tempciature of 230°, 
the 24*04 e.c. of air at 230° would occupy the same volume as 23 c.c. 
at 250 ' if Iwlli were cooled to t . 


Hofmann’s Method fou the .Determination of 
Vapour 1 Density. 

The principle of this process is to convert a weighed 
quantity of substance into vapour in the Torricellian vacuum 
(fo'.tnote, p. 17), and then to measure the rot tune of the 
vapour under known conditions of temperature and pressure. 
A graduated barometer tube (</, b y fig. 1)2), about 85 cm. long 
and 35 mm. wide, tilled with and then inverted in mercury, 
is surrounded by a wider tube (r\ through which the vapour 
of some liquid boiling at a known and constant temperature 
is passed.* For this purpose the upper end of the outer tube 

1 * The liquids commonly employed are wafo r (b.p. 100°), xylene (b.p. 140°), 
aniline (Up. 183°), and ethyl Itciixontc (b.p. 213"). 
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(r) is connected with a vessel (rf\ usually made of copper, 
c.on liii nil i” Mu* heating liquid, which is kept in i;i]»i<l ebulli 
tion. Tin* eqpdensed liquid escapes through the side-tube (e). 

As soon as the barometer mix* is at a constant temperature, 
a weighed quantity (about (H)f> gram) of the substance con- 
• tained in a small stop- 

pered vessel, which it fills 
completely, is placed under 
the open end (/>). The 
vessel immediately rises to 
t h«' surface of the mercury 
in the tube, the stopper is 
blown out, t be substance 
vaporises into the Torri- 
cellian vacuum, and the 
mercury is forced down- 
wards ; a> M>t>n a* the 
level remains .dafmnarv, 
the mh/in'' of the vapour 
is noted. The frat/it ratui r 
of the vapour is tin- 
boiling point of the Jupnd 
employed to beat the haio- 
metcr f ube. Tin* jtrrusnn 1 
m determined by subta act- 
ing the height of the 
column of mercury in the 
inner tube (a, A), above - 
the level in the trough, 
from the height of the 
been first reduced to 0 ,* 
Tim wait flit, of the vapour is that of tin- substance, 
taken. 

Ihc great advantage of this method lies m tin* fact that it 

tor this j”ii jx>se a correction jtiu.sfc 1 h* iikuIc foi the expansion of the 
incmiry. 



barometer, both readings liavmg 
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ailnnhs a moans of determining the, vapour density of sub* 
stances undei greatly rinhtcal p rewires, and therefore at 
temperatures very much below their ordinary boiling-points ; 
hence it is often possible to determine the vapour density of 
a substance which would decompose if it were heated under 
atmospheric pressure. 

Determination of Molecular AVekuit ry tiie 
C it y os( Jor i c • Method. 

Yoy ascertaining the molecular weight of a substance which 
can not ho vaporised several methods may he used. The first 
of those to be described is based on a determination of the 
lowering of the freezing-point of a solvent in which the given 
substance is dissolved. • 

It has already been stated (p. 313) that when a dilute 

aqueous solution of salt is cooled, crystals of pure ice begin 

to separate at. some temperature Moto the freezing-point of 
water: that is to say, the freezing-point of water is lowered 
or depressed l>y the presence of the dissolved saline matter. 
Other substances, such as sugar, sulphuric acid, sodium 

hydroxide. Are., also depress the freezing-point of water, and 
in general the freezing-point of any liquid (water, acetic acid, 
p. 277 ; benzene, p. 12b, A*c.) is depressed by matter in 

solution.* 

Now it was proved experimentally by Kaoult that the 
extent to which the freezing-point of a solvent is lowered 
is directly proportional to the weight of the substance dis- 
solv'd iii a given weight of the solvent; that is to say, the 

* If ice and mi aqueous solution are in equilibrium at a certain tempera- 
ture and atmospheric pressure, and more of the dissolved subs t an oe is added 
to tlie elution, then, in accordance with Le Chatelier’s rule (p. 356), ice 
will melt in order to neutralise, as far as possible, the change in the 
concentration of the solution, which it does by adding to the amount of 
water present. In doing so, however, it will alusorb heat, and finally a new 
state of equilibrium will he obtained, with a lower temperature. The 
temperature at which ice is in equilibrium with the solution is, however, 
the * ficcKing-poiut of the solution;* hence the presence of a dissolved 
substance in a liquid must depress its freezing-point. 
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depression is proportional to the concentration of the solu- 
tion. Thus a 1 per cent, solution of cane-sugar freezes 
at -0*058°, a 2 per cent, solution at — 0*116°, a 3 per cent, 
solution at -0*174°, and so on. The depression produced l>y 
a given substance, therefore, is proportional to the number of 
molecules of that substance in a given weight of the solvent. 

It was also proved that equal numbers of molecules of 
different substances dissof red in a given weight of a given 
solvent produce the same depression of the free:: in g-point ; 
hence the depression is independent of the nature of the 
molecules. The molecular weights of cane-sugar, glucose, and 
acetone,* for example, are 342, 1 80, and 58 respectively ; if, 
then, three solutions are made by dissolving 3*42, 1*8, and 
0*58 grams respectively of these substance's in, sav, 100 grams 
of water, the three solutions contain molecular proportions, 
or equal numbers of molecules, of the dissolved substances, 
and their freezing-points are identical 

The above statements are true only in the case of dilute 
(up to, say, 5 per cent.) solutions, lmt by liuding experi- 
mentally the freezing-point of a very dilute solution of known 
concentration, the depression which should lie caused by 
dissolving 1 gram-molecule of the substance in 100 grams of 
the solvent can be calculated by simple proportion ; the value 
thus obtained is called the molecular depression, and is a 
constant (K) for a given solvent. Thus, since 0*54 gram 
of glucose depresses the freezing-point of 12 grams of water 
0*475°, and the molecular weight of glucose is 180, 1 gram- 
molecule of glucose dissolved in 100 grams of water should 
give a molecular depression (K) of 19°. 

0*54 g. of glucose in 12 g. of water corresponds with 4*5 g. 
of glucose in 1 00 g. of water, and 4*5 : 1 80 : : 0*475° : 19°. The 
molecular depression, then, of water, is 19°. 

The molecular depression, K, of any solvent having been 
determined experimentally with the aid of substances of 

* Tin- reason for choosing these substances as examples instead of some 
commoner compounds, such as salt o» Mm* vitriol, will appear later (p. 38 G)» 
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known molecular weight, it is then possible to determine the 
molecular weight of any other substance which is soluble in 


that solvent by finding the 
depression, ]), produced by a 
known weight of the substance 
dissolved in a known weight 
of the solvent. 

Thus if O'! 2 g. of a substance 
dissolved in 10 grams of water 
gives a depression D = 0*f)3, 
then since 100 g. of the solvent, 
contain 4*2 g. of substance, and 
D :K . : 4*2 : M.W., the mole- 

, • ,, . 19x4-2 

cular weight is - ■=- 12* 

U'uo 

Now many different solvents 
may be used for sueb experi- 
ments, and since most substances 
are soluble in some liquid, it 
is possible to determine the 
molecular weights of a great 
many substances by the method 
here described, which is known 
as the cryoscopic method. T1 1 is 
is a fact of great importance, 
because the determination of 
molecular weight from vapour 
density is only possible in % the 
case, of those substances which 
are volatile. The results ob- 
tained by the cryoscopic method 
are only approximately correct, 
but this is a matter of no im- 
portance for reasons already 
given in dealing with the 
determinations (p. 204). 



Fi* s». 

results of vapour density 
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Tin* apparatus generally used in determining molecular 
weights 1 » v the eryoseopic method was devised 1 »v I UM*k nisi mi, 
and is shown in fig. th'h A large tube (//), about o cm. in 
diameter, and provided with a side-lulu* (A), is closed with a 
cork (r), tli run oh which pass a stirrer ((/), and a thermometer 
{*) graduated to -, 77 ,-,'. A weighed quantity 
(about 15 grains) of the solvent is placed in 
the tube (u), which is then lilted into a. 
wider tube ( f ), which serves as an air- 
jacket and prevents a to<> rapid change in 
temperature. The a|)paratus is now intro- 
duced through .1 hole in the metal plate (t/) 
into a V‘*sm* 1 which is partly idled with a. 
freezing mixture or some liquid, the 
! ||! temperature of which is about 5'* lower 
than tin* freezing-point of tin* solvent. 
Tin 1 solvent in (o) is now constantly 
stirred, whereon the thermometer rapidly 
falls, and sinks below the freezing point of 
the solvent, until the latter begins to 
free/e ; the thermometer now ri<es again, 
but soon becomes stationary at a tempera- 
ture which is the f n - ftn'nit of thf‘ 
solw'/tf. A weighed (juantity of the sub- 
stance is now introduced through the 
side-tube (A), and after the; solvent, lias been 
allowed to ine.lt completely, the fwiimj- 
l>oint of lh<‘ t-'nluiiov is ascertained as 
before. The ffillercncc. between the two 
freezing-points is the depression (I)). 

Fig. 94. The fhrrntomi-lrr used in such experiments 

has a veiy huge Imlh, and the total langc 
shown on the scale is only about (» . the smallest divisions 
corresponding with hundiedths of a dcgi««>. The capillniy t.uhc 
connected with the hull* terminates above in a reset \oir, as 
shown in lip. 94, and hy wanning tlie 1ml I* ven cautiously some, 
of the inejcmy may he driven into this rcsei voii and detached from 
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tin* main quantity by gontly Lipping the thermometer. It is llms 
possible to diminish tin* quantity of meieury in the bulb (ami to 
increase it agnin when required), so that flu* top of the column in 
tlm capillary thread stands at some suitable point o#» the* scale 
>vben the thermometer is at the temperature which is to be 
registered in the expeiiment. All that is required i" that the 
tliermometei shall show f/i/f'rrcHW, s in tcmppi.q,tiire with a high 
decree of aeemaey. 

I The eon slants (K) for some of the solvents frequently used 
are : water, 19 ; aeet.ic acid, ‘19 : benzene, 19. 

])eteiimin.\tion of Mor.KorT.AR "Weight hy the 

KuULLIOSnt M'K* M ETH0I>. 

Experiments have shown that the boiling-point of an 
.aqueous solution of sugar, salt, or other suhstunce is higletf 
than that of water, and, in general, the boiling-point of a 
liquid is raised by the presence of dissolved non-volatile 
matter.* Kuither, experiments with •tilutc solutions of sub- 
stances of known molecular weight have shown that (just as 
in the case of the. •tcjmwioH of the freezing-point) the rise or 
clrratinn (E; ot the boiling-point is directly proportional to 
the number of molecules* of tin* substance contained m a 
given weight of a given 'solvent, hut is independent of the 
nature of these molecules. From the results of such experi- 
* If a solution of sugar, salt, or other substance is in equilibrium with its 
vapour, within a closed vessel at a fixed temperature, and more of the 
soluble substance is added, the first result will be an increase in the concen- 
tration of tho solution ; in accordance with the rule (p. Hof*) a further change 
will then ensue, such as to neutralise this effect as far as possible. This 
can only occur by some of tho vapour condensing and thus diluting the 
solution, a process which must entail a decrease in the pressure of tlie 
vapour. Were this experiment conducted at the boiling-point of the pure 
solvent - namely, the tom pe ratine at which the pressure of it" vapour is 
equal to the atmospheric pressure - then on the addition of the soluble sub- 
stance the vapour pressure wopld become less than before, and it would he 
necessary to raise the temperature in order to ’make the solution boil once 
more. Thus the presence of a dissolved substance in a liquid lowers its 
vapour-pressure and raises its boiling-point. 

If, on the other hand, some of the dissolved substance is removed, the 
pressure of the vapour will increase until, when all the substance is 
removed, the boiling-point is equal to that of the pure solvent. 
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men Is the elevation Avhieli would be produced by dissolving 


1 gram-molecule of a substance in 100 grams of the solvent 
t may he calculated, and 



is found to be a con 
slant. (K) for the gi\en 
solvent. 

It is thus possible to 
determine experiment- 
ally the molecular 
weight of any sub- 
stance which is soluble 
in the given solvent 
by finding the elevation 
(E) which is produced 
by a known weight 
of the substance dis- 
solved in a known 
weight of the solvent 
E : Iv : : J* : M.W., 
where 1 > is the weight 
of substance dissolved 
in 100 g. of the solvent 
(compare p. 377). 

A form of apparatus 
devised by Ileckmann 
is shown in lig. 95, A 
known weight of the. 
solvent is pul into the 
tube (a), and after the 


Fi- an 


thermometer is placed 


in position some glass 
bends are poured through the side-tube (b) until the 
bulb of the thermometer is nearly covered ; the object of 
these beads is to ensure a n-j idar boiling 0 f the liquid. The 
tube («) is surrounded by the outer jacket (r), which 
also contains some of the solvent; the object of this jacket 
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is to prevent superheating. The appmutiis is thou placed, as 
shown, on an asbestos frame (</), and the condensers (e, e) 
are fitted on. The asbestos frame, wliich is provided with 
chimneys (/, /), is then very gradually heated ftelow, and 
when the solvent lias been boiling constantly for some time 
(say thirty minutes), the position of the mercury thread is 
noted. The condenser (r) is now removed, and a weighed 
quantity of the substance (compressed into a tablet) is intro- 
duced through the Ride-tube, the condenser being immediately 
replaced. The temperature falls at first, but rapidly rises 
again, and in two or three minutes the position of the mei- 
cuvy thread becomes constant. The difference between the 
readings with the solvent and the solution respectively gi\c 
the ek vat ion E. , 

The constants for some common solvents are : water, 5-2 ; 
acetic acid, 25*11; benzene, 26*7 ; ether, 21*1. The results 
obtained with water are usually not very accurate, owing to 
the small value of the constant, and considerable experience 
is required before trustworthy results can he obtained with 
any solvent. 

A simpler form of apparatus is that devised by Landsherger 
(lig. 1H5). A suitable quantity of the solvent is placed in the tube 
(a), which is about 10 cm. in height ami 3 cm. in diameter, ami 
which has a small opening at (b) fdr the escape of \apour; this 
tube {a) is fitted by means of a cork into a largei one (**), which 
serves as an air-jacket, and the millet {<{) of which is connected 
with an ordinary Liebig’s condenser. The inner tube (a) is closed 
with a cork through which pass a thermometer graduated to ^°, 
and a tulns (<■), the end of which has been cut off in a slanting 
direction, or perforated with a number of holes. The solvent in 
the tube {a) is not heated directly, hut only by the vapour of the 
name solvent that is generated in the flask (/) ; in this way super- 
heating is avoided. 

The boiling point of the solvent alone is tirst determined by 
heating the solvent in the flask (/) and passing its vapour through 
the solvent in {a) until the thermometer shows a constant tempera- 
ture ; the solvent in f ft) is then mUrrl with that in the Mask (/), 
about the seme quantity as was original used being poured brick 
into the tjihe (a). A weighed quantity of the substance is now 
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Some liKNFi/rs of Moi.rcour.Aii Wekjiit Determinations. 

l>y one nr other of the methods which have now been 
describe! l * it is possible to determine the molecular weights 
m tin* gaseous or in the dissolved state of ,i great number of 
the elements and their compounds; in fact, .of any substance 
which vaporises below, say, 1000*, or which is appreciably 
soluble I»y Victor Meyers method the thermal dissocia- 
tion of many substances is also established. 

•In the case of (dements, it lias been found that the mole- 
cules of different (dements differ considerably in complexity. 
Those of mercury, for example, consist of single atoms, those 
of iodine of two, those of ozone of three, those, of phosphorus 
of four, and those of sulphur of eight, atoms. Tim tents 
mmudtnnv^ &<*., are used to express the number of 

atoms in tin*, molecule of an element. Ozone, for example, 
consists of triatomic, phosphorus of toti atomic, molecules. 
The fact that tin* molecules of an (dement may contain a 
considerable number of atoms i^ important in connection 
with allotropy, since tin* occurrence of tin* allotmpic forms 
of oxygen is due. to tin* existence of molecules of different 
complexity (p. 4fU>), tins may also be Inn* in the case of 
other elements. 

The results of molecular weight determinations by the 
vapour density method have also shown that in the case of 
a great many substances their molecules are more complex 
at low than at high temperatures , similarly, cryoscopic and 
(dmllioseopic methods prove that the molecules of a given sub- 
stance may be more com] ilex in one solvent than in another, 
and more complex in concentrated than in dilute solutions. 
Tn the cases in question the. complex molecules undergo 
dissociation, hut this dissociation is similar to that studied 
in the case of nitrogen tetmxide in this, that the simpler 
molecules have ihc mimv percentage composition as the more 
complex ones ; all such eases, therefore, may be represented 
* Several other im4hods are known. 
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by the equation >wM, in which (M)„ stands for one 

of the complex molecules. 

2s T o\v if there is any evidence that the simple molecules M 
,ire capable of an existence under other conditions, and that 
they retain their sfnudure when they form the more complex 
molecules (M) # „ the formation of the latter is regarded as a 
process of aggregation or association rather than of chemical 
combination. 

The compound hydrogen fluoride (p. 39 0), for example, is 
very closely related to hydrogen chloride, which is known to 
have the molecular formula 1101 ; for this and other reasons 
it may he concluded that hydrogen fluoride lias the molecular 
formula HF. In accordance with this view, it is found that 
nj, temperatures above 88" the vapour density of hydrogen 
fluoride is 10, corresponding with the molecular formula 1TF 
(H— 1, F- 19). Jlut at 30 J the vapour density is 20, which 
corresponds with the molecular formula II., F 2 . Now if the 
molecular formula H L ,F 2 were used, this formula would 
indicate that either fluorine or hydrogen has a greater 
valency than unity at the lower temperature, otherwise 
two II — F molecules could not unite; its use would also 
lead to the inference that l he chemical properties of the 
compound so represented should he di lie rent from those 
of the compound 1IF, which exists at slightly higher 
temperatures. As, however, most of the properties and 
relationships of hydrogen fluoride are suitably expressed 
by the molecular formula HF, the more complex ‘aggre- 
gates 7 which exist at ordinary temperatures are regarded as 
associated molecules. 

A great many compounds show this phenomenon of asso- 
ciation ; but it is often extremely difficult to interpret the 
results of molecular weight determinations, and to decide 
whether the simpler or the more complex formula should he 
used to represent the molecule of the substance. (Jonerally 
speaking, if considerations of valency point to the simpler 
formula and seem to preclude any change in the structure of 
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the simpler molecules, then the existence of the more com- 
plex molecules is regarded as due to association. 

A similar difficulty often arises as regards tlie*re presenta- 
tion of more or less stable substances which are formed from 
different molecules. Potassium fluoride, KF, for example, 
gives with hydrogen fluoride a crystalline* substance which 
has the composition (KF + HF) ; and if the three elements in 
this substance are all univalent it is clear that the structures 
of the molecules II - F and K-F cannot have undergone 
any change. On this assumption, the substance may he 
regarded as consisting of the two different individual mole- 
cules 11 F and KF, and this maybe indicated by writing its 
formula II F, KF. Such a compound is sometimes called a 
violent Jar compound. * 

The phenomenon of association and the formation of so 
called molecular compounds provide, further instances of the 
difficulty of distinguishing between a physical and a chemical 
change. 


CHAPTER XLII. 

The Ionic Dissociation Theory. 

Although it can he shown experimentally that many 
salts uni hydrolysed by water, most salts and most other 
substances, such as acids and basic hydroxides, which are 
soluble in water, wem to dissolve without undergoing chemical 
change (p. 328), and on their solutions being evaporated the 
original substances are recovered unchanged, or merely in a 
hydrated state. The fact that no visible sign of chemical 
change accompanies the. process of solution does not of 
course prove that no such change occurs ; when ammonium 
chloride is strongly heated it is completely decomposed into 
ammonia and hydrogen chloride, hut no visible evidence of 
this fact is observed- Leaving out of account those cases in 

laorg. y 
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which it is known that a substance, undergoes chemical change 
when it is placed in water — as, for example, the formation of 
hydroxides 'from anhydrides and from basic oxides, and the 
numerous instance's of hydrolysis (p. 3G1) — the more general 
question whether or not the molecules of acids, basic hy- 
droxides, and salts undergo change when they arc dissolved 
in water has now to be studied. For this purpose it is 
necessary to consider in more detail sonic results of the 
examination of aqueous solutions. 

When the molecular weight of an acid, basic hydroxide*, or 
salt is determined by the cryoscopic or ehullioscopic method 
in aqueous soh/ftov, the. value thus obtained is very much 
smaller than that, calculated from the knmni molecular formula 
of the substance, and varies with the couroni ration of the 
solution. Tims the molecular weight, of hydrogen chloride 
deduced cryoscopioallv i* found to he about 25, whereas it is 
known from vapour density determinations that the mole- 
cular weight is really 3C>*5. Similarly, Hie molecular weight 
of sodium chloride is found to he about 35, whereas the true 
value cannot lie less than 5K*5, because the atomic weights of 
sodium and chlorine, are 23 and 35*5 respectively. 

In other words, 1 grain -nioloeule of an acid, basic 
hydroxide, or salt dissolved in 100 grams of watei does not 
give the normal depression constant Iv 19, which is obtained 
with cane-sugar, glucose, and other substances, hut a much 
larger value ; consequently tin* molecular weight tied need 
from the observed depression is much smaller than it is 
known to he. 

Such observations seem to show that aqueous solutions of 
acids, basic hydroxides, and salts contain a larger number 
of molecules or particles than they would do had the, acid, 
basic hydroxide, or salt dissolve* 1 unchanged, because* the, 
depression is directly proportional t,o the number of molecules 
or pai tides in the solution. 

Now the fact that unexpected <>r ( abnormal ’ molecular 
weights Jo* obtained by the cryoscopic or ebullioscnpie method 
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in the on no of certain substances may be comparer] with the 
fact that ‘ abnormal ’ or unexpected molecular weights are 
sometimes obtained from vapour density determinations 
(p. 31H); in tins latter ease the results are due to thermal 
dissociation, in consequence of which ' a given weight of 
substance gives rise to a -larger number* of molecules than 
it originally contains. It would seem, therefore, that the 
‘abnormal’ depression of the freezing-point, leading to an 
‘abnormal 7 molecular weight, obtained with acids, basic hy- 
droxides, and salts, must be due, to some change whereby the 
number of molecules or particles contained in the undissolved 
substance has been increased during the process of solution. 

This view is supported and can he best explained more 
fully by a reference to the phenomena of eh etrolysis (p. 300). 
Substances, such as cane-sugar, which give normal molecular 
weights in aqueous solution an* all non-elect roly tea. Acids, 
basic hydroxides, and salts which give lower molecular weights 
than the calculated values are all electrolytes (p. 301). 

Now, as already stated (p. 305\ the passage of an electric 
current through an aqueous solution of an electrolyte seems 
to be due to the presence in solution of oppositely charged 
particles or 7ow.s*, which move through tin* solution to the 
electrodes, the positive, ions (rations) being attracted to the 
negative electrode or cathode, the negative ions (anions) to 
the positive, electrode, or anode. An aqueous solution of 
sodium chloride, for example, behaves as if it contained 
positively charged particles of sodium and negatively charged 
particles of chlorine*. Similarly, an aqueous solution of 
hydrogen chloride behaves as if it- contained positively 
charged hydrogen ions and negatively charged chlorine ions. 

Hut dry hydrogen chloride, whether gaseous or liquid, is 
a non-eonductoT of electricity, and under ordinary conditions 
is a very stable, strongly exothermic compound ; water also, 
practically speaking, is a mm-conductor (p. 4f>7). And yet 
even a very feeble electric current can pass through a dilute 
aqueous solution of hydrogen chloride, and bring the 
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chemical deroin position of this compound. Similarly, many 
other stable substances which, when in a dry state, are non- 
conductors, ^ivc aqueous solutions which conduct the current, 
the dissolved substance undergoing chemical decomposition. 
Hence it seems that the mere process of dissolving an electro- 
lyte in water prepares it in some way to transmit the cur- 
rent and to undergo chemical decomposition. If, then, it is 
assumed that during the process of solution the uncharged 
chemical molecules of the dissolving substance are resolved 
into oppositely charged particles, or ions, not only are the 
phenomena of electrolysis explained, but the unexpectedly 
low (or ‘abnormal 5 ) molecular weights of electrolytes are also 
accounted for. 

•From these and other considerations, Arrhenius, in 1887, 
was led to put forward the theory of ionic dissociation, 
according t<» which the chemical molecules of electrolytes are 
dissociated into wmt in aqueous solution to a greater or less 
extent. These ions may he single atoms or groups of atoms 
(radicles), but in either case every ion carries a delinite 
charge of electricity, either positive or negative; as the 
original molecules are not charged, there arc always both 
positive and negative ions produced from every dissociated 
molecule, and the total charges on the positive ions arc equal 
and opposite to those on the negative ions. 

lluring the electrolysis of acids, hydrogen is liberated at 
the negative electrode, whereas in the case of basic hydroxides 
and salts a metal is obtained as a primary product (p. 303) 
in place of hydrogen. It is concluded, therefore, that the 
ions of an arid are positively charged hydrogen atoms on the 
one hand, and negatively charged atoms or groups on the 
other; thus the ions of hydrochloric, nitric, and sulphuric 
acid are the charged atoms or radicles JI, Cl ; 11, N0 3 ; and 
H, IIS0 4 or 2 H, S0 4 respectively. In the case of basic 
hydroxides ihe positive ions are charged atoms of the metal 
or basic radicle (p. 2GG), and the negative ions are charged 
hydroxyl-groups; thus the ions of sodium and ammonium 
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hydroxides are electrically charged Na, OH and NH 4 , OH 
respectively. In the case of salts, the ions correspond with 
those of an acid, a charged metallic cation taking the place 
of the charged hydrogen ion ; thus the ions of sodium 
chloride, sodium nitrate, and copper sulphate are the charged 
particles Na, Cl ; Na, N0 3 ; and Cu, S0 4 respectively. Nega- 
tive radicles such as NO a , S0 4 , and OTI are not obtained 
as products of electrolysis, because they immediately react 
with the water present, or undergo chemical decomposition, 
when they are set free at the anode, giving rise to secondary 
products of electrolysis (p. 302). 

Now Faraday’s laws of electrolysis (p. 306) state that 
the same quantity of electricity is carried by the chemical 
equivalents of the dhFercut elements, and this is true*of 
the various radicles which can act as ions. That is to say, 
the same charge or quantity of electricity is carried by two 
H ions as by two Na ions or by one Ca ion, and equal but 
opposite charges are carried by two Cl ions or by one S0 4 
ion. If, then, it is assumed that all univalent ions carry a 
unit positive or negative charge, the number of unit charges 
carried by an ion is identical with its valency. 

The unit positive charge of electricity is usually indicated 
by the sign + or *, and the unit negative charge by — or 

Thus the following represent some of the more important 
ions : 

Positive — H', Na f , NH 4 *, 11a”, Ca”, Fc” (ferrous), Fe’” 
(ferric). 

Negative — OH', Cl', Hr', I', NO./, S0 4 ", P0 4 "'. 

From this standpoint the ions of the elements differ 
altogether from the elements themselves, inasmuch as they 
possess electrical charges winch alone must tend profoundly 
to alter their characters. In order that an ion may appear 
as an element, its electric charge must be removed, and this 
is what occurs during electrolysis. When the oppositely 
charged electrodes connected with a battery are immersed, 
for example, in a solution of an acid, the positively charged 
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hydrogen ion is attracted to the negatively charged plate, ami 
■on coming into contact with it, gives up its charge, becoming 
an eleotricaljy neutral atom ; two such discharged ions or 
atoms of hydrogen are now able to unite and form a molecule 
of free hydrogen. The hydrogen ions before discharge must 
exert a great mutual repulsion ; but even if in spite of this 
they united they would not then constitute a hydrogen 
molecule, but a bivalent ion, 11./'. 

The elements may thus be classed as eh*cf ro-potu'tivr or 
elect ro-neyative according to tin* behaviour of tiieir com- 
pounds on electrolysis (p. 304). All those elements — namely, 
hydrogen and the metals — which are liberated at the nega- 
tive electrode are electro-positive ; this is one of the reasons 
wlfy hydrogen may he considered to be a metal. All those 
elements, such as chlorine and the oilier halogens (p. 31)8), 
which are liberated at tlie positive electrode, and also those 
elements which are generally contained in the radicles 
liberated at the positive electrode, are electro-negative ; 
oxygon, sulphur, and nitrogen, for example, are electro- 
negative. The terms electro -positive and electro -negative 
correspond, theivfore, with the terms metal and non-metal 
respectively ; but the classification based on the phenomena 
of electrolysis presents just as great a difficulty as that 
depending on other properties of the elements (p. 2 55). 

AVI kjii a coin pound which consists of more than two 
elements undergoes ionic dissociation, one of the ions is 
always a group of atoms, and a given clement may some- 
times he present in n positive, sometimes in a negative group. 
In the case of ammonium salts, fur example, nitrogen is con- 
tained in the cation; whereas in nitrates it is present in the 
anion, and in ammonium nitrate it is present in both ions. 

Similarly, many metals give rise to compounds which give 
anions of that metal ; potassium permanganate, ior example, 
gives the ions K* and MnO/, and in this compound the 
manganese plays the part of an acid-forming or non-metallic 
element. 
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The fundamental conception in the ionic dissociation 
theory leads to the conjecture that as the electric current 
is carried through a solution of an electiolyte by the charged 
ions and not, by the. undissociated chemical molecules, the 
conrf uctir it y should depend on the extent, of the, ionic dis- 
sociation, and should be proportional for any given substance 
to the number of ions present. Now it lias been found 
experinien tally that, starting from a concentrated {Solution, 
the conductivity of th*: mottvr in volution increases as the 
solution is diluted until it reaches a maximum and constant 
value. It is, therefore, concluded that in the more con- 
centrated solution ionic dissociation proceeds only until a 
condition of equilibrium is reached by reversible changes, 
such as those shown in the following equation* : 

Hcu-- ^ir fCr 

Xid 111 — > X a + UH 

XaN < i- h’a’-f- X0 3 ' ; 

as the* solution is diluted ionivution continues until it finally 
reaches a maximum which depends on the nature of the 
dissolved substance. The degree of ionic dissociation may 
be determined experimentally by measuring the conductivity 
of a solution of the substance and comparing the value with 
that of a solution of the same weight of substance in a very 
large quantity of water, the degree of dissociation may also 
bn calculated from the result** of eryoscopic and ehullioscopic 
experiments. It is thus found that electrolytes vaiy con- 
siderably as regards the, extent to which they are ionised 
in solutions at equivalent concentration. Most salts, and 
especially those, of the more electro -positive metals, exist 
mainly (about SO per cent.) as ions in normal solution. 
The same is trim of very vtrotoj acids such as hydrochloric 
and nitric acids, and of the stnnuj alkaline hydroxides of the 
metals of tin 1 , alkalis and alkaline earths. (Sulphuric acid, 
on the other hand, is decidedly less fully ionised at the 
same equivalent concentration ; while the very weak acids 
and bases are hardly ionised tit all. 
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The strength of a solution of an acid or of a base is 
proportional to the number of hydrogen ions or hydroxyl 
ions respectively present ; and, since dilution increases the 
degree of dissociation, all acids and all bases approach one 
another the more nearly in strength the more dilute the 
equivalent solutions in which they are contained. 

It will be evident from the facts described in this chapter 
that the direct determination of the molecular weight of an 
electrolyte in aqueous solution is not possible, and that unless 
the electrolyte is volatile many things must he taken into 
account in deducing its molecular formula. 


« CHAPTER XLIII. 

Some Applications of the Ionic 
Dissociation Theory. 

Reactions between Ions. 

As a rule, mictions between ions proceed instantaneously, 
which is not generally the case with reactions between non- 
electrolytes ; as, however, numerous instances of instantaneous 
reactions between non-electrolytes have been observed, this 
is not an exclusive characteristic of ionised substances. 

When dilute solutions of different salts at similar molecular 
concentrations are mixed without yielding precipitates, there 
is, as a rule, little or no appreciable beat development. The 
ionic dissociation hypothesis supplies a simple explanation of 
this fact. Since most salts are almost completely dissociated 
even in moderately strong solutions, on these solutions being 
mixed, the salts will remain ionised ; in other words, the only 
appreciable change which occurs is that each salt now occupies 
a larger volume than before, in consequence of which small 
changes in temperature due mainly to ‘ heat of dilution ’ may 
be observed. 

The same consideration shows that when, say, sodium 
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chloride and potassium nitrate arc dissolved together in 
water, the ions Na*, K‘, Cl', and N0 3 ' constitute most of 
the dissolved matter, though, strictly speaking, there must 
also be present small . quantities of all the four possible salts 
in a noil-ionised condition. Thus there are present in this 
solution both sodium ions and nitrate iojis, and except at 
infinite dilution these must he in equilibrium with some of 
the undissociated sodium salt, 


Nii‘ + N( — 

->NaN() r 

Similarly, the following equilibria. 

must also occur : 

Na' + Cl' ■«- 

-> NaCl 

K' +NO s '<- 

->KNO s 

K’ +C1' -4- 

-> KC1. 


Evidently, then, except at infinite dilution, which is* a 
purely hypothetical condition, some quantity of .all the 
possible neutral combinations of the oppositely charged ions 
in a solution must also he present. The amount of any 
such neutral combination will depend on the number and 
concentrations of the ions composing it, and also on the 
peculiarities of the combination itself. If the neutral sub- 
stance is a weak electrolyte, then it will he formed in large 
proportion, because at ’equilibrium it has a relatively small 
tendency to break down again into its ions. That is, in 
solutions containing various ions there is a tendency to form 
those undissociated combinations which are weak electrolytes. 

If, for example, solutions of sodium acetate and hydro- 
chloric acid, both strong electrolytes, are mixed, there are 
present in the first instance the ions H’, Cl', Ka‘, and 
C 2 II 3 0 2 '. Of the four possible undissoeiated combinations — 
namely, IIC1, NaCl, NaC 2 lI 3 0 2 , and IIC 2 1I 3 0 2 — the last is 
by far the weakest electrolyte. This compound, therefore, is 
formed at once, and the main change is represented by 

ir + cr + Nil- + c 2 ii 3 o.; = jsv + cr + iic.,h 3 o 2 ; 

or, eliminating terms common to both sides, 

H* + C 2 H 3 () 2 '-HCJI ;{ 0 2 . 
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This explains why the so-called strong acids expel the weak 
ones from their salts even in moderately dilute solution. 

Heat of Neutralisation of Acids and IIases. 

Water itself may he regarded a.s a very weak electrolyte, 
or possibly even a's a non-electrolyte (p 1(>7). It is formed, 
therefore, when II' ami Oil' ions are brought together — as, 
for example, when solutions of an acid and of a basic 
hydroxide are mixed. The process of neutralisation of 
potassium hydroxide by hydrochloric acid, both mainly 
ionised in solution, may thus be expressed by 

k - + oir + ir + ci - k ■ + ct + uj ) ; 

of, the K* and Oh ions common u> botli sides being elimin- 
ated, the only appreciable change m the neutralisation piocess is 

ir + OH'- H.,( », 

or the formation of water. 

The process does not involve the potassium or chlorine 
ions, and would be representable in the miiic way, no matter 
what the metal in the strong base or the radicle, in the strong 
acid. In accordance with this view, tin* heat of neutralisation 
of an equivalent of any strong acid with any strong base 
should be the same. Experiments .show that this is so, 
the heat of neutralisation being 4*13,700 calories for every 
equivalent neutralised; + 13,700 calories, therefore, is the 
heat produced when one gram-molecule of water is formed 
from its ions. 

Ionic Equilibria. 

Equilibrium between an undissociated electrolyte and its 
ions is affected in the sane* way as equilibrium in ordinary 
dissociation. Thus, the dissociation of a binary electrolyte* 
being represented by A — K’ + C' t then, if at equilibrium the 
eoucentiatiou of !>’ is increased, the reaction has more oppoi u 

* An Mectrolyte the molecule of which lurnifihuH two ious only. 
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tunitv than previously of progressing from right to left, with 
the result that more A is formed at the expense of O'. In 
the case of a solution of acetic acid, for example, if the con- 
centration of the C' 2 H/V ions is increased, as can^je done by 
adding sodium acetate, then more un dissociated acetic acid is 
formed at the expense of the 11’ ions, winch thus decrease 
in concentration : the acidity of the solution, therefore, also 
decreases. Acetic acid (1 of acid in 10 of water) dissolves 
calcium oxalate or zinc sulphide fairly freely, but in presence 
of excess of sodium acetate it loses most of its power of 
dissolving these compounds; even in presence of only one 
equivalent of sodium acetate it lias only one-fortieth of its 
original strength. The effect of neutral salts is very marked 
only with the weaker acids ; similar effects are noticed 
with weak bases such as ammonium hydroxide. 

Ammonium hydroxide may be represented as dissociated 
slightly in aqueous solution - 

Xll 4 OH- Nil j* + OH' ; 

hut if Nil/ ions, in the form of ammonium chloride, be added 
to the solution the ionisation of the hydroxide is greatly 
diminished, and therefore its strength is greatly decreased. 
For this reason amnion rum chloride is added to ammonium 
hydroxide in order, for example, to prevent the latter from 
dissolving aluminium hydroxide, which ns appreciably soluble 
in a pure solution of ammonium hydroxide. 

If a drop of acetic acid is added to a little water coloured 
with methyl orange,* the latter is turned red. If now a few 
crystals of sodium acetate are added, the colour of the in 
dioator becomes yellow, for the acetic acid, though free, is no 
longer strong enough to act on the methyl orange. 

Similarly, if a drop of ammonium hydroxide is added to 

* Methyl orange is the sodium salt of a strong organic acid, the yellow 
solution of- which is turned rod hy strong acids owing to the formation of 
undissociuted molecules of the organic acid ; it is used as an indicator, 
principally in titrating carbonates of the alkali metals and ammonium 
hydroxide. 
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water which contains a little phenolphthalein solution,* the 
latter is turned pink. If now a little pure solid ammonium 
chloride is added, the ammonium hydroxide is rendered so 
weak that file red tint nearly or quite disappears. 

Hence methyl orange is useless as an indicator in titrating 
relatively weak acids ; when the end of tin; titration is near, 
the salt which is present reduces the strength of the relatively 
weak acid to such an extent that tin; colour gradually fades 
away before an equivalent quantity of alkali has been added. 
Similarly, phenolphthalein cannot be used in the titration of 
ammonium hydroxide, but may be satisfactorily employed in 
the titration of weak acids with strongly basic hydroxides. 

Saturated Solutions of Electrolytes . — When a saturated 
solution of any solid electrolyte is prepared, there are prob- 
ably two reversible reactions proceeding simultaneously and 
at equilibrium ; that is to say, when the solution is saturated, 
the changes going on may be represented by the simultaneous 
equations : 

AB (solid ) < ^AB (dissolved, n on-ion i sed) < > A* +B f 

C 1 r 3 C 4 

where c v c 2 , e 4 , represent the active masses (p. 3G3). 

The active mass is constant, as it is that of a solid; c 2 , 
the active mass of the noil-ionised substance, is also constant, 
for it bears a iixed ratio to tq assuming the law of mass-action. 

This law would also lead to the following equation for the 
second reversible reaction : 

c 3 c 4 — a constant x r 2 = a new constant, say K. 

That is to say, in the saturated solution of an electrolyte, the 
product of the concentrations of the ions of the electrolyte 
Avould be constant at any given temperature. 

This is found to be true in practice, and the product,' K y 
is known as the solubility product of the electrolyte. 

An electrolyte, therefore, dissolves until the product of the 

* Phorv.lplithalein iB a colourless lactone of a weak acid ; solutions of its 
ionised salt : arc pink. It is principally used in titrating weak acids. 
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concentration of its ions has reached the value K (of the 
solubility product), whatever may be the relative concentra- 
tions of the ions present in the solution. If the solubility 
product is exceeded, then the solution is supersaturated; but 
if tho actual product of the ion concentrations is less than the 
solubility product the solution is unsaturated. 

If, then, to a saturated solution of an}' electrolyte another 
electrolyte giving ions identical with any of those of the 
iirst electrolyte is added, then the solubility product is ex- 
ceeded and the solid separates. Thus, when common salt 
is added to a soap solution, hard soap may be precipitated, 
because the concentration of sodium ions is increased, and 
the solubility product may be exceeded. On the addition of 
pota;sium chloride to a solution of a hard or sor/i/nn soa^ — 
say the stearate — soft soap may he precipitated because the 
product of the concentrations of the K' ions added, and 
the stearate ' ions previously present, may be made to exceed 
the solubility product of potassium stearate. 

The process of precipitating substances by the addition of 
others containing a common ion is known as ‘ sal ting-out.’ It 
is not necessary, however, that both or either of the substances 
concerned should be salts ; thus strong hydrochloric acid pre- 
cipitates barium chloride and common salt respectively from 
aqueous solutions of these compounds ; similarly, nitric acid 
precipitates lead nitrate froin its solution. Acids may ho pre- 
cipitated by other strong acids or by one of their own salts, 
and the alkali hydroxides may precipitate calcium and barium 
hydroxides from their solutions. 

The opposite case — namely, an increase in solubility owing 
to the partial or complete removal of one of the ions of the 
dissolving substance from the solution — is also frequent and 
of much importance. 

Calcium oxalate is very slightly soluble in water, yielding 
the ions Ca" and C 2 0 4 *; on the addition of a mineral acid, 
yielding hydrogen ions, some of the C 2 (> 4 * ions unite with 
these to form non-ionised H 2 C 2 ( or oxalic acid. The calcium 
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oxaltito, then proceeds to dissolve until its solubility product 
is again reached. This explains why the salts of weak 
acids are dissolved freely by mineral acids. Sparingly soluble 
salts of strong acids are not so much affected, however, 
because there is not ho great a tendency for their negative 
ions to unite with hydrogen ions, and the. equilibrium is not 
greatly disturbed. 

Where an excessively weak acid forms a sufficiently sparingly 
soluble salt it may be able to expel even a strong acid. 
Thus, if carbon dioxide is led into lead nitrate solution, carbonic 
acid and therefore CO. { " ions are formed, and to such an 
extent that the product of the concentrations of the Pb" ions 
and the CO/ ions may exceed the very minute solubility 
product of lead carbonate ; consequently lead carbonate is 
precipitated, while free nitric acid remains in solution. The 
solubility product of calcium carbonate, though extremely 
small, is relatively much greater than that of lead carbonate, 
and therefore carhon dioxide does not produce a precipitate 
in a solution of calcium nitrate. 


CHAPTER X L I V. 

The Halogens.* 

The element chlorine (p. 140), which occurs in such large 
quantities combined with sodium, is closely related in chemi- 
cal behaviour to three other elements, named respectively 
fluorine , bromine and ifulint. All these, elements are very 
active, and consequently are not found in nature in the free 
state ; they occur principally in combination with one of the 
metals sodium, potassium, calcium, and magnesium, and in 
smaller quantities in combination with silver. 

9 The wore important generalisations and laws relating to chemical 
phenomena, and the various hypotheses and theories based on them, have 
now l«“*n 'UsciiHsed. In the following pages pinny of the inure prominent 
uloiiiontH anJ their compounds are described, and the student is introduced 
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Just ns sodium chloride, NnCl, and calcium chloride, 0n,01.„ 
nro salts derived from hydrogen chloride., HC1, so also the 
naturally occurring compounds of fluorine, bromine^ ami iodine 
are salts derived from hydrogen fluoride, HF : hydrogen 
bromide, HJlr; and hydrogen iodide, HI, respectively. From 
this property of forming substances similar to ‘common salt,* 
the four elements in question are classed together as the. 
halnffpm (salt-producers), and their hydrogen compounds are 
termed halogen acids ; the salts derived from these, acids 
are called haloid salts or halides. 

In considering this family of elements, the various members 
will he described in the order of their atomic weights,* a 
course which will he adopted in the case of other families. 
This order is, * 

Fluorine, 11). Chlorine, Bromine, 79 9. Iodine, 126*9. 

As the. important compounds of fluorine are not very 
numerous, they will he described together with the element 
in this chapter ; further, as hydrogen fluoride is far better 
known than fluorine, a description of this compound will 
precede that of the element. 

Hydrogen Fluoride, HF. 

The more important naturally occurring salts of this acid 
sit u fluor-spar (calcium fluorii Jc) and cryolite (p. 402). As the 
acid is volatile, it is generally prepared by heating powdered 
calcium fluoride with sulphuric acid, 

CaF, 4- 1 1, HO, - 2HF + CuS( > 4 . 

to a groat array of facts which will .seriously tax his memory. Little can 
he done to lighten his task. Elements related in properties are classed 
together, and cross-references to similar or analogous phenomena are freely 
given; hut unless the foregoing 'general principles are understood and 
applied, the facts will remain a mass of disconnected data, and little 
intelligent progress will he made. 

The. system on which the elements are classified is descriWd later 
(p. 71 It), and need not he considered until most of the more important 
elements have been studied, 

* The atomic weights refer to Os 16 (compare p. 460). 
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Since hydrogen fluoride attacks glass and other materials 
containing silicates (p. 578), the operation is carried out in a 
retort made of lead (or of platinum), and the vapour which is 
evolved is* passed into water contained in a leaden vessel. 
The .solution thus obtained is stored in bottles made of 
gutta-percha, or of glass coated on the inside with a layer 
of paraffin wax. 

The aqueous solution of hydrogen fluoride, known as 
hydrofluoric acid , has the properties of an acid, just as has 
the aqueous solution of hydrogen chloride. Jt turns blue 
litmus red, reacts with hydroxides and oxides, and attacks 
magnesium, zinc, and iron, forming fluorides , with liberation 
of hydrogen. 

, The most important practical difference between hydro- 
fluoric acid and the other halogen acids is that the first-named 
compound acts on silica and on silicates, giving water and 
(volatile) silicon fetraflnorida (p. 578), 

8i0 2 + 4IlF-2H 2 (> + SiF 4 . 

This property is made use of in etching glass,* and also in 
detecting hydrogen fluoride and other fluorides in the course 
of qualitative analysis. 

For marking the scales on thermometers, burettes, &c. # the 
clean glass surface is first coated with paraffin wax, which is 
then scratched off with some sharp instrument to expose those 
parts which arc to lie etched. The apparatus is next placed 
in the vapour of hydrogen fluoride, and after having been 
etched it is washed well and the wax is removed. 

A similar process is used in testing for fluorides. The 
substance under examination is warmed with sulphuric acid 
in a leaden basin ; the latter is covered with a watch-glass 
which has been previously coated 'with paraffin wax, but from 
certain parts of which the wax lias been removed with a knife 
or a pin. After some time the exposed surface is washed, 

* The smooth, lustrous surface of the jjlass is corroded and becomes 
dulled becau°« some of its components are removed, 
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freed from wax, and examined ; if the surface is found to be 
(itched, >i fluoride was present. 

Hydrofluoric acid is also used in the qualitative and 
quantitative analysis of insoluble silicates. When silica or a 
silicate is repeatedly evaporated with the acid, the whole of 
the combined silicon volatilises in the form* of silicon tetra- 
fluoride ; the silicates arc thus converted into fluorides, which 
may then he transformed into sulphates by heating them 
with sulphuric acid. 

Anhydrous hydrogen fluoride is obtained by heating dry 
potassium hydrogen fluoride (p. 402) in a platinum retort 
and collecting the vapour in a cooled platinum receiver. It 
is a colourless liquid, boiling at 19 5°, and is miscible 
with water; it has a very pungent odour and is highly 
poisonous. 

It has already been mentioned that at ordinary tempera- 
tures the molecules of hydrogen fluoride have the formula 
(1IF) 2 . This is one of those cases in which it is difficult 
to say whether the molecules of the formula H — F which 
exist at higher temperatures have merely associated (p. 384), 
or whether they have undergone chemical change. It may 
be that the fluorine atoms become tervalent, and that (IIF) 2 
is a compound of the constitution H-F = F — H. The 
existence of potassium hydrogen fluoride (p. 402) may 
also be accounted for by supposing that Huorine may be 
tervalent. 

Calcium fluoride, CaF 2 , has been known for a long time, 
and used under the name of fluor-spar as a ‘ flux ’ in melting 
ores and salts. 

It melts at a bright red heat, and when mixed with other 
minerals it forms mixtures which may liquefy and flow at a 
lower temperature than that at which any of the other 
minerals alone would melt. 

It is often found in crystals (cubes or octaliedra), which 
are sometimes colourless, sometimes coloured blue, green, or 
yellow by the j>roseneo of email quantities of other cop*- 
HwNf, a 
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pounds. It is practically insoluble in water, and in this . 
respect differs unexpected 1 y * from calcium chloride ; it is 
also practically insoluble in acids, but it dissolves chemically 
in hot concentrated sulphuric acid (see above). 

Potassium fluoride, KF, is obtained by neutralising hydro- 
fluoric acid with potassium carbonate, and then evaporating 
the solution ; it crystallises in cubes and is readily soluble 
in water. When it is dissolved in hydrofluoric acid and 
the solution is evaporated, crystals of potassium hydrogen 
fhioride, KHF 3 or HF,KF, are deposited. This substance 
decomposes when it is strongly heated, giving hydrogen 
fluoride and a residue of potassium fluoride. 

Silver fluoride, AgF, may be obtained by dissolving silver 
oxido in hydrofluoric acid ; it is colourless and crystalline, and 
is readily soluble in water, a property in which it differs in a 
very unexpected manner * from the silver salts of the other 
halogen acids (p. 661) 

Aluminium fluoride, A1F 3 , occurs together with sodium 
fluoride, NaF, in the mineral cryolite, A1F 3 , 3NnF, a colourless 
crystalline complex salt (p. f>91) found principally in Green- 
land. Cryolite is sometimes used as a flux (j». 610). 

Small quantities of fluorides occur in the animal king- 
dom (in the bones, teeth, <fcc.), in certain plants, and in sea- 
water. 

Fluorine, F 2 , At. Wt. 19 0, is so active that although 
hydrogen fluoride was long believed to be the hydrogen 
compound of an unknown element, all attempts to obtain 
this element, by methods such as those which lead to the 
production of chlorine from hydrogen chloride, were complete 
failures. The element was at last isolated (Moissan, 1886) 
by, the electrolysis of potassium fluoride dissolved in anhy- 
droUB hydrogen fluoride. 

" The electrolysis was carried out in a platinum U-t\lbo 
(fig. ,97), using platinum electrodes (a, a) which pa&s&l 

' * tfn^x.eetrd, because* most salts of the halogen acids which contain the 
«*iiie metal etjp very similar in pio^rties (p. 424). 1. .. : „ 
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through stoppers of calcium fluoride ( b , b ) ; fluorine was 
liberated at the positive electrode, and hydrogen (a secondary 



Fig: 97. 


product, p. 302, formed by the action of the liberated 
potassium on the hydrogen fluoride) at the negative electrode. 

F 2 «-™+2HF = 2KF + H 2 . 

The gases escaped through the side tubes (r, c), and the 
.fluorine was collected in a platinum observation tube closed 
with thin plates of transparent fluor-spar. The electrolysis 
was conducted nt a low temperature ( - 23°) in order to lessen 
J&e action of the fluorine on the platinum. 
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Fluorine is a gas, having a yellowish - green colour 
similar to, but paler than, that of chlorine. It decom- 
poses winter at ordinary temperatures, forming -hydrogen 
lluoride, and liberating oxygen and ozone (p. 461) ; hence 
it is absolutely necessary to exclude moisture in the prepara - ) 
tion of fluorine.* It combines with hydrogen with explosive 1 
violence at ordinary temperatures, and most other elements, 
including carbon, unite with it so vigorously that they take 
fire in the gas ; oxygen and fluorine, so far as is known, do 
not combine. Fluorine attacks silica (and silicates), silicon 
tetrafluoride and oxygen being formed. 


, Chlorine, Cb ; At. Wt. 35’5. 

Sodium chloride (pp. 35, 147) is by far the most abundant 
naturally occurring chlorine compound, but potassium chloride 
or syloine , KC1, is also found in small quantities, either alone 
or crystallised with magnesium chloride, forming a double 
salt (p. 322), KC1, MgCL,, 6H 2 0, known as mnudlite; this 
double salt occurs principally near Stassfurt in a large saline 
deposit (p. 676). Silver chloride is found as the mineral 
horn-silver , AgCl ; chlorides also occur in all natural waters 
and in all animals and plants. 

When chlorine was first discovered (p. 140), and for some time 
afterwards, it was supposed to be a compound of oxygen. In 
those days it .was thought that an acid must contain oxygen 
(p. 248), and therefore it was assumed that hydrochloric acid did 
so ; consequently the gas produced by heating hydrochloric acid 
with manganese dioxide was regarded as an oxygen compound of 
hydrogen chloride (Bertliollet). Davy showed in 1810 that chlorine 
is not changed when it is passed over heated carbon, a process 
which decomposes many oxides ; also that although oxygen is 
evolved when certain metallic oxides (calcium oxide, for example) 
are heated in chlorine, the quantity of this gas which is liberated 
is exact! j' that contained in the given weight of the metallic oxide, 
4jo that oxygen is not liberated from the chlorine. These results 
fceehied to show that chlorine was not an oxide, and as there was 
no evident that it wo* a compound, Davy uuggested that it ulnmld 
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be classed as an dement and gave it the name which it now bears. 
Since those days no fact at variance with this conclusion has been 
observed.* 

« 

Chlorine is liberated when certain chlorides arc heated 
strongly ; a few chlorides (auric chloride, platinic chloride) 
are decomposed into chlorine and metal; others (cupric 
chloride) into chlorine and a lower metallic chloride, but as 
a general rule chlorides volatilise at very high temperatures 
without decomposing.! 

The method generally used in preparing chlorine in the 
laboratory (p. 140) is based on the oxidation of hydrogen 
chloride with manganese dioxide (p. 286). % 

As native pyrolusito (p. 443) often contains carbonates, it 
should be first warmed with dilute nitric acid until all carbon 
dioxide is expelled, and then washed with water, if it is 
required for the preparation of pure, chlorine ; the gas evolved 
by heating the pure dioxide with pure hydrochloric acid is 
washed with water and passed through tubes containing 
gently heated manganese dioxide in order to free it from 
hydrogen chloride ; it is then dried with the aid of sulphuric 
acid or phosphorus pentoxide and collected in a suitable glass 
vessel (fig. 23, p. 68). ' 

Pure chlorine may also be obtained by the electrolysis of 
fused silver chloride (p. 305), using carbon electrodes. 

Since chlorine, is formed by the action of hydrogen chloride 
on manganese dioxide, and hydrogen chloride is generated by 
the interaction of sulphuric acid and sodium chloride, chlorine 
may he prepared by gently heating a mixture of sodium 
chloride (or other metallic chloride), manganese dioxide, and 

* It is impossible to provr that a given substance is ail element, because 
the definition of an element (p. 51) is based on a negative assertion; a 
subBtanoe is considered to be an element unless it can be proved that it is 
a compound. 

t It is possible, therefore, to determine the vapour densities of some 
chlorides by V. Meyer’s method, and thus obtain data from whiob the 
molecular formulae of these chlorides may be deduced. 

,/ $ On the danger of inhaling chlorine, compare p. 140. 
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sulphuric acid. The final results of this interaction are 
expressed by the equation, ■' 

2NaCl -f MnO, + 3H 2 S0 4 = .1 ' 

Cl 2 + MnS( ) 4 + 2NaI£S0 4 * + 2H 2 0, \ ' 

but these results are doubtless produced by a sequence or~\\ 
combination of the three (or more) simple changes (compare X 
p. 330), namely, '\ 

(1 ) N>iCl + II 2 S0 4 = NaHtSG 4 + IIC1 ; 

(2) i\ln0 2 + 4HC1 = Cl 2 + 2H.,0 + MnCl 2 

(3) MnCl 2 + ) 4 - Mn8( ),"+ 2HCL 

Equations snch as those, which represent intermediate stages 
»f a reaction, are termed partial equation*. 

The nature of a complex reaction is often rendered more 
intelligible by the use of partial equations, from which 
it is then possible to deduce the equation for the complete 
, interaction without having committed this equation to 
memory. In deducing this expression, those substances 
which appear in equal quantities on opposite sides in any 
series of partial equations are merely intermediate products, 
and are eliminated from the final equation. Thus in the 
above case one molecule of MnCl 2 appears on opposite sides 
of the equations (2) and (3), so that by combining these 
iu the one expression, ^ ; 

(4) Mn0 2 + 4HC1 + H 2 S0 4 - Cl* + 2H s O + Mn80 4 + 2HC1, 

this intermediate product is eliminated. 

But in this equation (4), two of the four molecules of HC1 
on the left appear on the right, so that it may he written, 

(5) Mn0 2 + 2HC1 + H 2 S0 4 - Cl 2 + 2H 2 0 + MnS0 4 . 

* The formation of normal sodium sulphate in accordance with the t 

: ■ & 

, *"r*v . 2NaCl + Hj t S0 4 =Na a .S0 4 + 2HCl, ^ 

i^fimly at high temperatures (p. 417). . *,*■[ ; 
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Next the quantities of the substances represented in the 
partial equation (1) must be doubled in order to provide 
the 2HC1 necessary for the interaction shown in (5) ; this 
leads to 

(6) 2NaCl + 2H 2 S0 4 - 2NaHS0 4 + 2HC1, 

and finally the partial equations (5) and (6) are combined „ 
to give 

Mn< >* 4 - 2NaCl + 3H 2 S0 4 = Cl 2 4 - 2H 2 0 + Mn80 4 4 - 2NaHS0 4 . 

There are many other substances besides manganese dioxide 
, which oxidise hydrogen chloride, liberating chlorine. Lead . 
dioxide, Pb(> 2 (p. 601), and barium dioxide, Ba() 2 (p. 647), 
are examples. The linal results in these cases are similar to 
those obtained with manganese dioxide, 

Pb( ) 2 4 - 4HC1 = PbCl 2 4 - 2H o 0 + Cl 2 
Ba0 2 4 - 4HC1 = BaCl 2 4 - 2H 2 0 + Cl*. 

Red lead, Pb 3 0 4 (p. 603), is decomposed by hydrochloric 
acid, giving lead monoxide, PbQ, and lead dioxide, Pb0 2 ; the 
former dissolves chemically in the acid, giving the correspond- 
iny salt (p. 284), while the latter gives chlorine, lead chloride, 
and water, as shown above. 

Potassium dichromate (p. 506) also oxidises hydrogen 
chloride ; so also do nitric acid (footnoto, p. 236) and 
bleaching powder (pp. 286, 6*39). Chlorine is very conveni- 
ently prepared by dropping hydrochloric or dilute sulphuric 
acid from a tap-funnel on to bleaching powder. 

Chlorine is prepared commercially in several ways : (1) By 
heating manganese dioxide with commercial hydrochloric 
acid (p. 274); in this case the manganese dioxide is re- 
generated by the Weldon process (p. 447). (2) By passing 

.a mixture of air and .hydrogen chloride through chambers 
in which porous earthenware (baked clay), previously soaked 
in a solution of copper sulphate, is heated at about 380°.; 
(3) By the electrolysis of a solution of sodium chloride* 
,<pp. 308, 672). 
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The reactions which occur in process (2) are not known, 
but the final result is the oxidation of the hydrogen chloride 
by atmospheric oxygen ; the copper sulphate, or traces of 
cupric chloride, CuCl 2 , formed from it, acts as a catalytic’ 
agent (pp. 233, 288). 

Chlorine unitos directly with nearly all other elements, but 
not with oxygen, nitrogen, or carbon ; * chlorine compounds 
of these elements may be obtained by indirect processes, but 
compounds of chlorine with fluorine and the members of the 
argon family (p. 681) are unknown. 

Chlorine also combines directly with some chlorides 
(CuCl, FeCl ot and PC1 3 , for example), the higher chlorides 
(CuCl 2 , FeCLj, 3>CI 5 ) being formed. 

• Most metallic oxides are decomposed by chlorine at high 
temperatures with liberation of oxygen, 

2CaO + 2Cl 2 — 2CaCl„ + Q 2 . 

Chlorine generally attacks compounds which contain 
hydrogen, as, for example, water (p. 285), hydrogen sulphide 
(p.285), and ammonia (p. 521); in such cases hydrogen 
chloride is formed, and the element which was combined 
with the hydrogen is either liberated in the free shite (p. 145) 
or unites with chlorine, according to the conditions and the 
nature of the element. 

Chlorine is easily condensed to a liquid, and the liquid, 
contained in steel cylinders, is an article of commerce. 

When ice-cold water is saturated with chlorine a yellow crystal- 
line substance, often called chlorine hydrate , separates. The com- 
position of this substance is Cl 2 , 10H 2 () ; it decomposes at ordinary 
temperatures. 


Bromine, Br 2 ; At. Wt. 79*9. 

The principal compounds of bromine which occur in nature 
correspond with those of chlorine, hut are far loss abundant ; 

, * The expression ‘unites directly ’ means that the two elements, os such, 
combine together; chlorine docs not act on carbon, but it reacts with 
carbon d>«mf£jhide (footnote, p. 216 ), giving carbon tetrachloride, CCI4. 
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sea-water, for example, contains only about 3 parts of com- 
bined bromine to every 1000 parts of combined chlorine, and 
relatively very small quantities of bromides are found in- 
natural waters. 

Bromine was first obtained by Balard in 1826 from the 
mother-liquor which remains when sea-water is concentrated 
to such an extent that most of the sodium chloride is deposited 



Fig. 98. 


It is easily liberated by oxidising hydrogen bromide, HBr, 
with manganese dioxide, or with any of the other oxidising 
agents mentioned in describing chlorine (p. 407). In tine 
laboratory bromine is usually prepared by gently heating a 
miktuve of sodium bromide and manganese dioxide with 
sulphuric acid in a retort (fig. 98), 

2NaBr + Mn(\ + 3HJS0 4 --= 

“2NuHR0 4 + MikS 0 4 + 2H 2 0 + Br 2 * 

* Compare preparation ot chlorine, p. 406. 


410* * THK HAtQQVm 

The reddish-brown vapour which is evolved is passed into 
U receiver cooled in ice,* and the receiver is connected with 
a wash-bottle containing water, so that no vapour escapes j 
into the rdom.t 1 

The liquid thus obtained is freed from hydrogen bromide- 
by distilling it with a little manganese dioxide, and from 
water by shaking it with concentrated sulphuric acid, in 
which it is insoluble. If pure materials have been used the 
element is then pure. 

On the large scale bromine is manufactured from the 
bromides occurring in certain natural waters, in sea-water, 
or in the mollier-liquors obtained in crystallising the salts' 
of the Stassfurt deposits (p. 676). These solutions, which* 
contain other halogen salts, are concentrated, and the ! 
chlorides and sulphates which crystallise out are removed ^ 
the mother-liquors are then heated with manganese dioxide 1 
and sulphuric acid, or treated with chlorine, or submitted V 
to electrolysis (p. 672). The liberated bromine is tlien \ 
volatilised and the vapour is condensed. 

Commercial bromine may contain many impurities such as 
hydrogen bromide, chlorine, iodine, and bromoform, and the 
pure element is best prepared from purified sodium bromide , 
as described above. 

Sodium bromide, which is itself prepared from commercial 
bromine, is purified by recry stall isation from water, and is 
freed from iodide by treating it with a little bromine; the - 
bromine prepared from this sodium bromide is distilled with 
sodium bromide to free it from chlorine, and is then used to 
prepare pure sodium bromide (p. 433). 

Bromine melts at - 7T>°, and at ordinary temperatures is 
a dark reddish-brown liquid, the vapour of which has an 
intensely disagreeable and irritating smell. The vapour should 
not be deeply inhaled even in small quantities, as it seriously : 

The vessel containing the ice is omitted from the figure for the sake of , 
clearness. 

+ vary poisonous and extremely corrosive. ( - 



THE HAIX)GHSKS. > * 4U 

nfFecits the respiratory organs, but the smell of the diluted 
vapour may be cautiously examined. The liquid has a sp. gr. 
2*99 at 15°, and boils at about 63°. Bromine is soluble in 
about 33 times its own volume of water, giving a yellowish- 
brown solution (i bromine water), but it is much more soluble > 
in an aqueous solution of •sodium bromide, and is miscible 
with many liquid carbon compounds such as carbon disulphide 
and chloroform. 

In chemical properties bromine is very similar to chlorine, 
and is a very active element. Although it does not unite 
with oxygen, it combines directly with most of the common 
elements, whether non-metals or metals, in some cases with , 
great violence. When, for example, a small piece (say 0;5 . 
gram) of phosphorus is dropped into a test-tube containing 
bromine (say 2 c.c.) an explosive reaction occurs, and a yellow 
crystalline compound, phosphorus pent ab row ide, PBr^ is ; 
formed.* When powdered antimony is dropped into excess ‘ 
of bromine, antimony tri bromide is formed with development 
of light and boat, a violent reaction taking place.* 

Bromine, like chlorine, acts on many compounds of hydro- 
gen, and combines with the hydrogen, forming hydrogen , 
bromide (p. 418) ; it is therefore an oxidising agent Bromine 
water is also a very useful oxidising agent; although bromine 
does not decompose water appreciably except in direct sun- 
light, the reversible reaction, * 

H 2 0 + Br 2 < — > HBr + HBrO, 

takes place rapidly from left to right in presence of some 
substance which decomposes the hypohromous acid, HBrO, 
and thus diminishes its concentration (p. 355). Hence in' 
presence of water, bromine, like chlorine, oxidises certain 
coloured compounds to colourless ones ; that is to say, it 
bleaches them. 

Free bromine, eveu if present in very small quantities only, 
may be detected by its colour and by its smell (cautiously 

* In all experiments with bromine great cure should be token to protect 
the eyes ns well *a the lungs. , - 
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observed) ; in very minute quantities, by extracting it from 
the solution or gas in which it is contained with carbon 
disulphide and then shaking the extract with potassium 
iodide and starch solution, when a blue colouration due to 
the liberation of iodine is produced (p. 415). Chlorine and 
many other substances also give this reaction. 

Bromine is not much used except in the laboratory, but 
bromides are employed in photography and in medicine; 
these bromides are all originally prepared from bromine. 

Iodine, I 2 ; At. Wt. 126-9. 

Although iodides are very widely diffused and occur in 
many natural waters, as well as in sea- water, they are present 
in quantities so extremely small that their presence is difficult 
tp detect. Fortunately many animals and plants (sponges, 
seaweeds) which live in sea-water have the property of 
abstracting combined iodine (and combined bromine) from 
the water and concentrating it in their tissues ;* consequently 
seaweed is an important, and until recently was the only, 
source of the iodine and iodides of commerce, which are now 
also obtained from Chili saltpetre (caliche, p. 414). 

Iodine was discovered by Courtois in 1812 in a sample of 
sodium carbonate which had been prepared from the ashes 
of plants, these plants having grown near the sea-shore. It 
is generally prepared in the laboratory by heating a mixture 
of sodium iodide and manganese dioxide with sulphuric acid 
in a retort ; the violet vapour which is evolved condenses 
to steel-blue crystals in the neck of the retort and in the 
receiver, 

2NaI + MnO, + 3H 2 80 4 = 2KaHR0 4 + MnR0 4 + 2H s O + 1 2 . t 

The apparatus which is employed is the same as in the 

. * Iodides also occur in minute quantities in some fresh-water plants and 
in terrestrial animals. The thyroid gland of man and of many animals 
'contains notable quantities of combined iodine, and this element seems to 
be essential |o the life of the higher organisms, 
t Compare preparation of chlorine, p. 406. 
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preparation of bromine (fig. 98, p. 409), but the receiver 
need not be cooled with ice. With pure sodium iodide and 
other pure materials, the iodine obtained is free # from any 
appreciable quantity of impurity. 

In the preparation of iodine commercially, sun-dried sea- 
weed is burnt in shallow pits (or is submitted to destructive 
distillation, p. 114), and the ash .known as kelp or varcc is 
extracted with water. 

From the aqueous extract a large proportion of the chlorides, 
sulphates, and carbonates of sodium and potassium is separated 
by crystallisation, and the mother-liquor is then treated with 
sulphuric acid in order to decompose sulphides and thio- 
sulphates (p. 496).* The sodium sulphate which is formed 
in this decomposition may also be removed by crystallisation. 

The liquors (which contain chlorides, bromides, and iodides) 
are placed in iron retorts, sulphuric acid is added, and then a 
relatively a mall quantity of manganese dioxide ; on their being 
heated, iodine is liberated and the vapour is condensed in a series 
of earthenware vessels. A little more manganese dioxide is 
then added, and the heating is continued ; these operations 
are repeated until the addition of manganese dioxide causes 
the liberation of bromine, at which point distillation is 
stopped. The liquors remaining in the still are afterwards 
used for the preparation of bromine. f 

Instead of distilling kelp or varec liquors with manganese 

I * Sulphides are formed from the sulphates by reduction during the 
burning of the seaweed. Thiosulphates are produced by the atmospheric 
oxidation of the sulphides in aqueous solution (p. 400). 

t On manganese dioxide being added in small quantities at a time to a 
solution of chlorides, bromides, and iodides in presence of sulphuric acid, all . 
three halogens may he momentarily and locally liberated by the oxidation of 
the lialogon acids contained in the liquid ; but so long as hydriodic acid is 
present in sufficient quantity neither bromine nor chlorine esca)>e.8 from 
the solution, because both these elements immediately act on tlio hydrogen 
iodide, liberating iodine. When, however, the hydrogen iodide has all 
been oxidised by the manganese dioxide, bromine begins to escape ; chlorine 
is not evolved until all the hydrogen bromide has boon oxidised, because it 
frets on the latter, liberating bromine* 
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dioxide and sulphuric acid, they may he treated with chlorine 
in quantities just sufficient to liberate the iodine, 

( 2NaI + Cl 2 ~ 2NaCl + 1 2 , j 

.which is precipitated as a solid and is separated by filtration.* J 

A much more important source of iodine is a saline mineral 
called caliche, which occurs in Peru, and which is essentially 
the same as Cliili saltpetre (p. 241). Caliche consists prin- 
cipally of sodium nitrate, but also contains chlorides and 
iodates (probably potassium iodatc, p. 436). When it is puri- 
fied by recrystallisation from water, the iodates remain in the 
mother-liquor, t and from the latter iodine is precipitated 
by adding sulphurous acid or sodium hydrogen sulphite, 

2KIO s + > 3 - Jv 2 S0 4 + 41I 2 S0 4 + 11 2 0 + 1 2 . 

4 Commercial iodine may contain bromine, chloride of iodine 
(p. 429), salts, and moisture. It is purified by dissolving it 
in an aqueous solution of potassium iodide (see below), and 
then precipitating it from the filtered solution by adding 
water ; J it is afterwards dried on porous earthenware over 
sulphuric acid, and is finally sublimed (p. 19). 

Iodine is a lustrous, grayish- black crystalline substance, 
which in thin layers is transparent, showing a brownish-red 
colour. Its sp. gr. is 4*95 at 17°. It melts at 115° and boils 
at 184°, but it vaporises even at ordinary temperatures, and 
jsublimes readily at temperatures below its melting-point; 
Jts vapour has a beautiful purple coIout and a characteristic 
smell. 

Iodine is only very sparingly soluble in water, but it 
dissolves much more freely in an aqueous solution of 
potassium iodide, and also in many liquid carbon compounds ; ‘ 

* Although chlorine also liberates bromine from bromides, bromine it 
not set free in 'this process until all the iodides have been decomposed, 
because bromine liberates iodine from iodides. 

,,, + Not because the iodates aro more readily soluble than the other salts, 
but localise they are present in so small a quantity tlmt the solution is not 
.Mburatqd with them (p. 82 ). 

% Iodine -lets on flitter paper of poor quality, for which reason filters of 
glass-wool q.'^bostos are employed. 
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its solution in alcohol, ether, or acetic acid is brawn, like, the 
solution in water, but its solutions in chloroform and carbon 
disulphide have a purple colour, like that of iodine vapour.* 

Iodine is very similar to bromine in chemical properties, 
but is not so active ; it does not unite directly with oxygen, 
but it does so with some non-metals and with many metals. 
When (colourless) phosphorus is placed on iodine it takes 
lire spontaneously, and if free access of air is prevented 
(to avoid the formation of phosphorus pentoxidc) most of 
the phosphorus is converted into u yellow solid, phosphorus 
triiodide , PI 3 . When mercury and iodine are rubbed to- 
gether a green powder (which probably contains mercurous 
iodide), or a scarlet substance (mercuric iodide, Hgl 2 ), or a 
mixture of the two, is produced, according to the relative) 
quantities of the two elements. 

Iodine, like bromine and chlorine, is an oxidising agent, 
but its oxidising action is almost entirely confined to reactions 
which occur in presence of water. Thus it oxidises hydrogen 
sulphide in aqueous solution (p. 339), and also sulphurous 
acid, 

H 2 80 3 + 1 2 + H,() = H 2 S0 4 + 2H1. 

The latter reaction is a readily reversible one, and at ordinary 
temperatures hydrogen iodide is oxidised by concentrated 
sulphuric acid, but in presence of excess of water the reaction 
proceeds from left to right until it is practically complete. 

Free iodine gives a beautiful and very delicate colour- 
reaction with an aqueous solution of starch or with starch- 
paste (p. 125), the addition of a minute quantity of the free 
element producing a dark-blue colour, which disappears on 
warming the solution or paste, but comes again on cooling. 
Combined ioditie, that is to say, an iodide or other iodine 
compound, 4 does not give* this colouration. 

Since iodine is liberated from iodides by chlorine, bromine, 

' " £#* 

,* It exactly known why some solvents •jive brown, others violet, 

solutions, Wt it is believed that in the brown solutions some of the iodine 
oombiites mth the solvent. 
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ozone (p. 162), nitric acid, nitrous acid, and nitrogen tetroxide, 
by hydrogen peroxide in presence of an acid (p. 473), and by 
many other oxidising agents, and the liberated iodine may be 
easily detected with the aid of starch, these, facts are utilised 
in testing for the various substances just named. Strips of 
paper coated wiJLh a little starch-paste containing potassium 
iodide (starch -potassium -iodide papers) are used lor this 
purpose ; the papers are moistened and exposed to the gas, 
or immersed in the liquid, which is to be tested lor the 
oxidising agent. Obviously since so many substances liberate 
iodine, the appearance of the blue colour is not a distinctive 
test in any way, and the presence of any suspected substance 
must be confirmed by other methods. 

e Ail important method for the estimation of iodine is 
described later (p. 497). 

Iodine is used in medicine and in tho manufacture of all 
iodides and iodine compounds (such as iodoform), many of 
which arc used as drugs or antiseptics, and in photography. 


CHAPTER XLV. 

The Halogen Acids.* 

Hydrogen chloride, HCl (p. 142), is formed when a 
mixture of hydrogen and chlorine is ignited, or exposed to 
direct sunlight, or to the light given out by burning mag- 
nesium, a violent explosion taking place unless one of the 
gases is present in very great excess. 

A mixture of hydrogen and chlorine in approximately equal 
volumes may be conveniently prepared by the electrolysis of 
concentrated hydrochloric acid in the apparatus shown in lig. 44 p 
but using carl Kin instead of platinum electrodes. This experiment 
must be conducted in a dimly lighted room, and the explosive 
mixture must he very cautiously used. 

* * * It must be remembered that hydrogen fluoride (p. 309) is one of tfov 
halogen acids.* 
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In preparing hydrogen chloride use is made of the fact . 
that sulphuric acid decomposes sodium chloride and other 
chlorides (p. 359). When the reaction occurs at ordinary 
temperatures sodium hydrogen sulphate (p. 258) is formed, 
and when pure materials are used pure hydrogen chloride is 
evolved, 

NaCl + H 2 S(> 4 - NaHS0 4 + HC1. 

At much higher temperatures two molecules of sodium chloride 
may he decomposed by one molecule of the acid, because the 
sodium hydrogen sulphate which is lirst produced also acts 
on sodium chloride, 

NaCl + NaHS0 4 - Na,S0 4 -f IIC1. 

Commercial hydrochloric acid, which is obtained as \ 
by-product in the Leblanc process (p. 274), very often 
contains arsenic and iron as chlorides, chlorine, sulphur 
dioxide, sulphuric acid, and dissolved saHts such as sodium 
chloride. The source of many of these impurities is the 
commercial oil of vitriol, made from iron pyrites (p. 221) 
by the Mention chamber process * (p. 287), and the purification 
of commercial hydrochloric acid is a troublesome operation 
seldom attempted. 

The nature of the impurities in a commercial product may 
often be foretold by considering what impurities (1) may bo 
present in the materials used/ or (2) may be derived from the 
materials of the apparatus, or (3) may be present as the result 
of secondary reactions. Now ‘chamber acid/ made from 
pyrites, often contains arsenic compounds which, in the 
preparation of hydrogen chloride, give (volatile) arsenic 
trichloride; also oxides of nitrogen, which are acted on by 
the hydrogen chloride, giving chlorine. Sulphur dioxide may 
he formed by the decomposition of sulphuric acid at high 
temperatures, and some sulphuric acid may volatilise together 
with the hydrogen chloride ; chloride of iron and dissolved 
salts may he derived from the apparatus. 

When concentrated hydrochloric acid (p. 143) is heated, 

in*nv. 2 A 
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hydrogen chloride is evolved and the, solution begins to boil 
at about 60', but the boiling-point rises continuously until 
it readies anil lieconics constant at J 10 ' under a pressure of 
760 mm. The liquid which distils at this constant tem- 
perature is constant in composition, and contains 20*2 per 
cent, of hydrogen chloride; but when the pressure is altered, 
a liquid having a different boiling point and a different 
composition ultimately distils over. When very dilute 
hydrochloric acid is heated the liquid begins to boil just 
above 100°, and water passes over; the 1 toiling point then 
begins to rise, and finally reaches 1 1 0 f (under a pressure of 
760 linn.), at which temperature the same liquid of constant 
boiling-point is obtained as when the process stalls with the 
concentrated acid. 

The very great solubility of hydrogen chloride in cold 
water, compared with the solubility of gases such as oxygen, 
hydrogen, and nitrogen, seems to show that hydrogen chloride, 
like sulphur dioxide (p. 233), carbon dioxide (p. 271), and 
ammonia (p. 266), combines with water to form some soluble 
compound, which, however, is unstable, and decomposes when 
the solution is heated. This view accords with the fact that 
the behaviour of hydrogen chloride towards water is not 
expressed by Henry’s law (p. 161). 

The weight of hydrogen chloride contained in a given 
weight or volume of hydrochloric acid may be determined by 
titration (p. 256) if no other acid is present, or by precipita- 
tion with silver nitrate (p. 140) if other chlorides, &c., are 
absent. As the specific gravities of solutions of hydrogen 
chloride of all possible concentrations have been recorded, 
the percentage of dissolved gas may also be determined by 
finding the specific gravity of the solution, provided that no 
other substance is present. 

Hydrogen Bromide, HBr. 

Bromine and hydrogen unite only when they are heated 
together. A flame of burning hydrogen continues to burn 
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in bromine vapour, and hydrogen bromide is also formed 
when a mixture of hydrogen and bromine vapour is passed 
through a glass tube containing pumicc-stono whicli is main- 
tained at a dull red heat. The reaction is readily reversible. 

Hydrogen bromide is not prepared by heating a bromide 
with sulphuric acid, because it is less stabje (p. 333) than 
hydrogen chloride and is decomposed by hot concentrated 
sulphuric acid, in accordance with the following equation, 

2TN>r + 1 I a S0 4 -4—^ Hr 2 + S0. 2 4* 2II 2 0. 

It may be obtained by very carefully adding water to 
phosphorus t«ri bromide (p. 544) or phosphorus pentaT>romide 
(j>. 515), which is contained in a flask provided with a tap- 
funnel and a delivery-tube, 

1*1 !r., + 3ir.,( ) 3HBr + l>(OU) s * 

l‘Br, + HI.) > - 511 Hr + II 9 P0 4 > 

Tt is, however, much more conveniently prepared by 
decomposing phosphorus pcntahminide with the water of 
hydration contained in some suitable salt ; under these 
conditions tin* reaction is more easily regulated, and the 
theoretical quantity of water may be used. For this purpose 
5-10 grams of borax (hydrated sodium tetraborate, p. 607) 
are placed in a fhihk, and 10 20 grams t of coarsely crystalline 
phosphorus pentabromide are added. The flask is immediately 
closed with a cork, through which passes a delivery -tube 
leading t.<» the bottom of a dry gas-jar. On the. contents 
of the Husk being shaken cautiously, hydrogen bromide is 
rapidly evolved ; J when the reaction slackens, the contents 

* This equation probably summarises the two changes expressed by the 
partial equations, 

PBr, + 5H a O = 5H Br 1- F(OH) a and KOH) 5 =PO(OH), + H 2 0. 

f Compare footnote i , p.‘ 02, on quantities. The. quantities of these 
Hub, stances required to produce a certain volume of the gas may, of course, 
he calculated. 

£ For con veni enoe in shaking, a very short delivery- tube is passed 
through the cork, and this is connected with a longer glass tube by meaty* 
pt india-rubber tubing. 




Fig. 99. 


are seen, and an explosion may oec.nr unless care is taken. It 
may lie supposed that the phosphorus nnd bromine combine to 
form phosphorus tribromido, which is then decomposed (see aliove), 
the final results being expressed by the equation, 

P 4 4- 6Br 2 + 1 2H/> - 12 H B. + 4H a PO a . 

The escaping hydrogen bromide contains bromine vapour, and is 
led through. the U-fcnbe, which contains a very loosely packed 
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mixture of broken glass and damp red phosphorus ; the bromine 
is thus converted into hydrogen bromide. The gas may be dried 
bv passing it through vessels containing phosphorus pentoxide 
(not sulphuric acid). . 9 

An aqueous solution of the gas may bo prepared by passing 
hydrogen sulphide through bromine water, under which is a 
layer of bromine, 

SH 2 + Br a -2HBr + H;* 

the precipitated sulphur is afterwards separated by filtration, 
and the hydrohromio acid is purified by distillation. 

Hydrogen bromide is a colourless gas which fumes in moist 
air ; it is very similar to hydrogen chloride in most respects, 
but. is not so stable (p. 419). 

'i lie aqueous solution, lujdmhronttc arid, behaves very like 
hydrochloric acid : when a cold saturated solution is heatccl 
it loses hydrogen bromide and becomes more and more dilate, 
until at 12G (760 mm. pressure) a liquid of constant boiling- 
point which contains 47*4 per cent, of hydrogen bromide 
passes over. Tin* same liquid is ultimately obtained when a 
more dilute solution is distilled. 

Hyprogkn Jodidk, HI. 

Hydrogen and iodine do not combine to any appreciable 
extent except at high temperatures, and as hydrogen iodide 
is decomposed by sulphuric acid even more readily than is 
hydrogen bromide (p. 419), it cannot be prepared by heating 
an iodide with sulphuric acid. 

In preparing hydrogen iodide in the laboratory water may 
he slowly dropped on phosphorus triiodide, 

PI, + 3H,0 =-- 3HI + P(OH) 3 , 

or water may be slowly added to a mixture of iodine and red 
phosphorus. In the latter case it may be supposed that the 
first stage in the reaction is the combination of the two 

* Although the molecular formula of sulphur is (and strictly speaking 
the expression S is incorrect), the use of the molecular formula leads to 
such complex equations that it is seldom employed. 
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elements to form phosphorus triiodide, which then undergoes 
hydrolysis as shown above. 

As in tihe case of hydrogen bromide (p. 419), the water 
required for the interaction is most conveniently derived 
from some hydrated salt such as borax, and hydrogen iodide 
is therefore prepared as follows. 

Dry red phosphorus * and dry iodine are ground together 
in a mortar, and the mixture is placed in a flask containing 
borax. The delivery -tube of the flask may be connected 
with a bulb-tube which contains very loosely packed broken 
glass, or glass beads, mixed with some (not too damp) red 
phosphorus. On the contents of the flask being cautiously 
shaken, hydrogen iodide is evolved, f and later on tin* contents 
Gf the flask are gently heated ; any iodine which is volatilised 
is converted into hydrogen iodide by tin; damp rod phosphorus 
in the bulb. If a considerable of phosphorus is mixed 

with the iodine in the flask this hull) e; hardly required. 
Tlie gas may be collected by the upward displacement of air 
or over mercury. 

The apparatus used in picpuring hydrogen iodide by dropping 
water on to a mixture of iodine and led phosphorus is si mil. -u to 
that shown in iig 91). The gas may lie diied with the aid of 
phosphorus pentoxide. 

An aqueous solution of hydrogen iodide is conveniently 
prepared by passing hydrogen sulphide into water which 
contains dissolved and undissolved iodine, 

iS 1I 2 -f I L> - 2H1 -f 8 ; 

the solution is ultimately filtered from the precipitated 
sulphur, and is then distilled. 

Hydrogen iodide is a colourless gas which fumes in moist 

* The quantities of red phosphorus, iodine, and borax required to yield 
a certain volume of the rah may he calculated ; the phosphorus is used in 
excess. 

t Compare footnote t, p. 419, as regards rubber connection. 1'lios- 
phonimn iodide (p. 541) is formed in this experiment, and care should be 
taken that no part of the apparatus gets blocked by ibis solid. 
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air ; it closely resembles hydrogen bromide, but is less stable 
than the latter. Its aqueous solution, hydriodic arid , re- 
sembles hydrobromic acid ; the liquid of constant boiling- 
point (namely, 127° under 774 mm. pressure) which is finally 
obtained when concentrated or dilute solutions of hydriodic 
acid are distilled contains 57 per cent, of hydrogen iodide. 

Hydriodic- acid soon becomes brown when kept, especially 
in bright sunlight, owing to the oxidation of the hydrogen 
iodide by atmospheric oxygen. In order to reconvert the 
iodine into hydrogen iodide, such brown solutions may be 
treated with a sufficient quantity of red phosphorus (see 
above), and then distilled to free them from phosphorous 
acid. 

All those substances which liberate iodine from potassium 
iodide (p. 415) oxidise hydrogen iodide to iodine, and the 
formation of hydrogen iodide is probably the first- stage in 
the reaction when the oxidising substance is an acid. 

Hydrogen iodide dissociates when it is heated above 180°, 
giving iodine and hydrogen, 

2111 * vlUl, 

At A 15 J equilibrium is attained when 215 per cent, of 
the compound is decomposed ; the addition of hydrogen, or 
of iodine vapour, to the compound diminishes the amount 
of dissociation in accordance with the principles already 
explained (p. 366). 

Hydriodic acid is used as a reducing agent, chiefly in 
working with organic compounds, which are heated with the 
concentrated acid in seuled tubes at a temperature of about 
250 '. The hydrogen iodide dissociates, and thus provides the 
hydrogen necessary for the reduction. 


Tiik Uiclationmiiip iiktwrkn TUB Halooens. 

Although the four halogens are very different from one 
another in physical properties at ordinary temperatures, they 
are very closely related in their general chemical behaviour ; 
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that is to say, if one of them is known to combine with a 
given element, it may be presumed that the other three will 
do so likewise, and that the four compounds thus formed 
will he clokely related in properties. 

Now, on considering the molecular formula* of the com- 
pounds which the halogens form with any given element, it 
is evident that these compounds are all of the same type; 
the molecules of these compounds contain the same number 
of atoms of a halogen united with a fixed number of atoms of 
the other element. Thus the hydrogen compounds of the 
halogens are HF, HC1, 11 Hr, and HI ; l lie sodium compounds 
are NaF, Nn(-1, NaP>r, and Xal ; the calcium compounds are 
CaF 2 , CaCl L „ CaBr 2 , and Cal 2 ; ami so on. 

This similarity in type of corresponding halogen compounds 
is due to the fact that in all such corresponding compounds 
the four halogens have the same valency (p. 20G). As the 
physical and chemical properties of compounds depend very 
greatly on the structure (p. 331) of their molecules, and as 
the structure of a molecule is closely connected witli the 
valencies of the elements contained in it, elements of similar 
valency form compounds of similar structure, and these 
compounds are similar in physical and chemical properties. 

The relationship between the four halogens is most clearly 
brought out by arranging them in the order of their atomic 
weights. When this is done certain marked regularities are 
observed. In the first place, all the physical properties of 
the four elements and those of any series of corresponding 
halogen compounds show a gradual change in passing from 
fluorine to iodine, or from the fluorine to the iodine com- 
pound. 

This regularity is illustrated by the following data : 



Molecular 

Formula. 

Atomic 

Wciplit. 

M.P. 

B.P. 

8p. Gr. of 
Liquid or Solid. 

Fluorine 

• p. 

19 

- 210° 

-186' 

114. 

Chlorine 

. Ol a 

3*5-5 

- 1 02° 

- 3 ar 

1 -33 at b.p. 

bromine 

Hr,, 

79-9 

- 7*5° 

+ G3‘ 

3-18 atO" 

Iodine 

. h 

126*9 

+ 115° 

+ 180“ 

4-95 at 17° 
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Molecular 

Formula. 

M.P. B. P. 

Density 
of Uas. 

1 T yd rogen il uorid e 

he 

+ 19'* 

10 

Hydrogen chloride 

11(51 

-111* - 84 # 

18*2 

Hydrogen bromide 

mil 

- 88° -65° 

40 5 

Hydrogen iodide 

HI 

0 

cc 

1 

3 

is 

1 

64 


Molecular 

Foruui);i. 

Solubility in 
h '*- ( ’ r - watei lit u. 

Sodium fluoride . 

. N«iH 

2-8+ 4-8 (at 16°) 

Sodium ehloiide . 

. Nat -l 

21 85*7 


Sodium bromide . 

. NaBr 

30 77*5 


Sodium iodide 

. Nal 

3-5 158 0 



Tn the second place, tins chemical properties of the four 
elements ami those of any four corresponding halogen com- 
j)onnds arc very similar, hut at the same time tlieie is ^ 
gradual change in passing from fluorine to iodine or from 
a fluorine to an iodine compound. Take ns an example tlio 
behaviour of the halogens towards hydrogen. They all 
corn hi lie with this element to form a com pound of t lie type 
1IX, which is a monobasic acid , all these acids aie very 
similar to one another in general chemical behaviour, but 
at the same time the temperature at which the halogen 
combines with hydrogen gradually rises, and the chemical 
properties of the acids thus formed show a gradual change. 
Hydrogen and fluorine combine rapidly even in the dark ; 
hydrogen and chlorine do not combine appreciably in the 
dark, hut do so rapidly in sunlight at ordinary temperatures; 
hydrogen and bromine do not combine appreciably unless 
they are gently heated together ; hydrogen and iodine do not 
com! lino unless they are heated together at a dull-red heat. 
No matter what property of the acids is considered, there 
• is almost invariably this gradual variation in passing from 
hydrogen fluoride to hydrogen iodide. 

* The high boiling-point of hydrogen fluoride in comparison with those 
of the other halogen acids is doubtless due to tlio association (p. 384) of the 
molecules of the acid. 

t The first member of a family often shows a somewhat ‘ abnormal’ 
behaviour. 
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The difference in behaviour and the gradual variation in 
properties of the halogen acids are most definitely expressed 
in terms yf tlie heats of formation (p. 337) of the four com- 
pounds from the gaseous elements; the values are as follows, 

11, + F., - 211 F + 37,(500 x 2 calories. 

1 L + Cl, - 2 II Cl + 22,000 X 2 
IT, -f Ih\, -- 2HLBr + 8, 400 x2 
H“fl/ 2111 - (5,000 x 2 

It is thus seen that whereas the first, three compounds an? 
exothermic, hut with decreasing heats of formation, hydrogen 
iodide is endothermic; this explains to some extent, why the, 
reactions expressed by those equations take place with dimin- 
ishing readiness (p. 338); also why bromine readily displaces 
iodine* from hydrogen iodide and chlorine displaces bromine 
from hydrogen bromide, Conversely, it would seem that the. 
displacement of bromine by iodine, or of chlorine by bromine, 
does not occur to any appreciable extent, because Ihe reactions 
would he strongly endothermic. 

Similar gradations and relationships to those observed in 
tie* ease of the halogen acids au; met with on comparing the. 
physical and chemical properties of any other set of cone 
spending halogen compounds; the lour halogens, therefore, 
form a natural family. 

Since the; halogens form a natural family, their study 
is facilitated to .some extent, because many facts which 
before seemed to he isolated now become correlated and are 
easier to remember. Having learnt, for example, that calcium 
chloride has the formula CaCl,, one might infer by analogy 
that calcium iodide would exist and have the formula Cal^;, 
and knowing that cab ium cjjpride is colourless, crystalline, 
and soluble in water, one might, also tnlei that calcium iodide 
would allow similar propeities. 

Tn the case of the halogen family most of the inferences 
bafced un analogy would he correct, because the relationship-* 
is particularly close and the regularities are very well marked. 
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But even in this family (and much more so in others which 
will l>c described later) the elements or their compounds may 
show a wholly unexpected or abnormal behaviour in respect 
to some particular property or properties. Thus the boiling- 
point of hydrogen fluoride, is hiyhrr than that of hydrogen 
chloride. Calcium fluoride is insoluble in writer, whereas the 
other three calcium halides are readily soluble. Silver fluoride 
is soluble, in water, whereas the other three silver halides are 
insoluble. Facts such as these and other eases of abnormal 
behaviour should be carefully noted, otherwise incorrect in- 
ferences may be based on the knowledge that on tlic whole 
the halogens are very closely related. 

The in embers of a natural family are generally found 
together in nature and in a similar state of combinatiorf 
owing to the similarity in properties of their corresponding 
compounds. For the same reason the elements of a natural 
family or their corresponding compounds are often separated 
from one another only with difficulty. Sodium chloride, for 
example, cannot be completely separated from sodium bromide 
by fractional crystallisation (p. 32), and it is very difficult 
to separate silver ebbtide from eihor bromide by any direct 
process. 

The members of a natural family are generally prepared by 
similar methods, as are also .their corresponding compounds, 
unless the particular method becomes inapplicable owing to 
the gradual change in properties which invariably occurs. 
For example, all the halogens mav be prepared bv the 
electrolysis of their sodium compounds, but in the case of 
fluorine the process must he carried out in absence of water. 
Chlorine, bromine, ami iodine, may he easily obtained by the 
oxidation of their hydrogen compounds, but this method is 
not applicable, in the case of fluorine unless every trace of 
water is excluded. All the halogen acids are liberated from 
their salts by sulphuric acid, hut as sulphuric, acid oxidises 
hydrogen iodide, and hydrogen bromide., only tbo chlorine and 
fluorine compounds are prepared in this way. 
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The halogen compounds of the non-metals are as a rule 
coMjrfeftiitf hydrolysed hy water, giving :i halogen acid and the 
hydroxide (arid) of the non-metal, and the reaction is not 
appreciably reversible (p. ‘101) ; the most notable exception 
is carbon tetrachloride, which is not decomposed even by 
boiling water. • The halogen compounds of the metals, as 
a rule, are soluble in and are not decomposed by water, or, 
if they are hydrolysed, the reaction is reversed in presence 
of excess of hydrochloric acid (p. 3(52). The common in- 
soluble metallic halides are the silver, mercurous, and cuprous 
compounds; the lead salts are only sparingly soluble. 

The separation of chlorine, bromine, and iodine from one 
another when they art? present in mixtures of their compounds 
*may he accomplished in various ways;* hut as the elements 
are so similar in chemical properties it is not easy to obtain 
a complete* separation. 

In one method the solution containing I he salts of the 
three halogen acids is treated with dilute sulphuric acid 
and potassium nitrite ; the hydrogen iodide is oxidised b\ the 
nitrous acid, and the liberated iodine may be expelled by 
boiling the solution. The. solution is then neutralised with 
sodium carbonate ami treated with dilute nitric acid ; the. 
hydrogen bromide is thus oxidised, and the bromine may be 
expelled by boiling the solution. The treatment with dilute 
nitric acid having been continued until no more bromine is 
evolved, the solution then contains the chloride, from which 
the chlorine may be obtained by the usual methods. 

Some compounds formed by the union of two of the 

* It is customary, especially in reference to qualitative analysis, to 
speak of the separation of two or more clnnntfx, when what is really meant 
is the separation of some romjtounth of those elements. Thus if a solution 
containing silver nitrate and potassium nitrate is treated with sufficient 
hydrochloric acid to precipitate all the combined silver, and the silver 
chloride, is then removed by filtration, the ‘silver’ and ‘potassium’ are 
said to have been separated from one another, although both metals * 
are still in a combined form. Consequently in describing such separations 
it may i»*. unnecessary to state how the free elements are obtained, the 
methods employed for such purposes having been given elsewhere. 
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halogen elements are known, hut they are not of much 
importance. When chlorine is passed over melted iodine 
in absence of moisture, iodine monochloride, ICJ, distils, 
and condenses to a reddish-brown liquid which crystallises 
when it is cooled. The monochloride combines directly with 
chlorine, giving iodine trichloride, 101 s , an orange crystalline 
solid. The compounds IF & , l Hr, and Cl Hr are also known. 


CHAPTER XLYI. 

The Oxides and Oxy-Acids of the 
Halogens. 

None of the halogens combines directly with oxygen ; hut 
oxides of chlorine and of iodine may he obtained by indirect 
processes. Several important compounds containing chlorine, 
bromine, or iodine, combined with oxygen and hydrogen, are 
also known ; these compounds are classed togelher as the 
oxy-halogen acids. 

COMPOUNDS OF THK TVPK HOX OK II- ( ) - X. 

When chlorine is passed into a cold aqueous solution of 
potassium hydroxide (p. (577) .the gas is rapidly absorbed and 
the potassium salt of fu/porh loro tat acid is formed, together 
with potassium ehh ride and water, 

Cl, + 2K< >H - KOC1 + KOI + H/). 

The solution has bleaching properties, especially when it is 
acidilied, and as long ago as 1785 such a solution was pre- 
pared by Herthollet at »1 a veil e for bleaching on a large scale. 

The solution was known as 1 Knit dc Javclle and was actually 
obtained by using crude potashes (potassium carbonate, p. 276) 
instead of potassium hydroxide ; the results are not quite the same 
as when potassium hydroxide is used (p. 430). 

When bromine is dropped into a add aqueous solution of 
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potassium hydroxide) the colour of the halogen immediately 
disappears, and the two salts, potassium bromide and polan- 
sium hypobromitt *, remain in solution, 

Bi\, + 2K( >11 -- K Hr + KOBr 4- II./). 

In like maimer iodine dissolves in potassium hydroxide 
solution, giving potassium iodide and potassium hypoioditv , 

KTO. 

Calcium hydroxide, barium hydroxide, and other similar 
basic hydroxides also act on chlorine in the same way as do 
potassium hydroxide and sodium hydroxide/ a chloride and 
a hypochlorite being formed, 

2C1, 4- 2Ca(OJI), = CaOJ, + Ca(OCl) 2 + 2H,<). 

9 Corresponding compounds of bromine and of iodine ar« 
formed in a similar manner. 

In preparing a hypochlorite, hypobromite, or hypoiodite, 
the solution must be kept cold (p. 132). 

When a feebly basic metallic oxide (such as mercuric oxide) 
or hydroxide, or a carbonate, is suspended or dissolved in 
water and a halogen is added to the liquid, reactions occur 
similar to those, described above; but only the salt of the 
halogen acid is formed, the oxy -halogen acid remaining free. 
It is possible to account for tin’s result by assuming that the 
iirst change under these conditions is the formation of the 
two acids, 

Cl ,+ H/) - HC1 + TIOC1. 

The hydrochloric acid then acts on tin* oxide, hydroxide, or 
carbonate (forming a chloride), hut the hypochlorous acid, 
which is a very weak acid (see below), does not, and remains 
in the free state. The iirml result may therefore bo expressed 
by an equation such as, 

2C1 2 + HgO + H 2 0 * HgCl 2 + 2JIOC1. 

* Sodium hydroxide and potassium hydi oxide are so similar in properties 
that for most purposes it makes little difference which is used, except, of 
Course, that tho one gives sodium, the other potassium derivatives 
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Hypochlorous acid, TIO01, is obtained in aqueous solution 
when the solution of calcium hypoehlorite prepared us indi- 
cated above (or a solution of bleaching powder, y. 631)) is 
cautiously treated with very dilute (5 per cent.) nitric acid 
an<l then distilled, 

Cu(( >C1), f SlINOj - Ca(NOj), + 2l'l001. 

The quantity of nitric acid used must l>e less than that 
required to decompose all the calcium hypochlorite, otherwise 
some hydrochloric acid is liberated from the. calcium chloride 
present, and some of the hypochlorous acid is then immedi- 
ately decomposed, 

1IC1 + HOC1--C1 2 + H 2 0. 

The aqueous distillate has a yellow colour and a peculiar* 
disagreeable smell. 

Hypochlorous acid is unstable, and it decomposes slowly 
even when its aqueous solution is kept in the dark, but much 
move rapidly in direct sunlight ; in the. former case it gives 
principally chloric and hydrochloric acids, 

3110C1 = HC1( ). { + 2IIC1 ; 

but in the latter it gives principally hydrochloric acid and 
oxygen, 

2HOC1- 21101 +0 2 . 

As chloric and hydrochloric acids react, giving chlorine 
(p. 43 0, this gas is also evolved from concentrated solutions 
of hypochlorous acid, espeeially when they arc wanned. 

Hypochlorous acid is only a very feeble acid, and it is 
liberated from its salts even by carbonic acid ; many of its 
salts are readily hydrolysed (p. 361). Tlie acid is a vigor- 
ous oxidising agent; its aqueous solution oxidises hydrogen 
chloride, giving chlorine (see above) ; ammonia, giving nitrogen; 
and hydrogen sulphide, giving sulphur. Hydrogen chloride 
and water are also formed in the last two cases, 

2 NIL, + 3HOC1 N, - 4 - 3TU ) + 31101 
SII., + HOC1 - 8 + H..O + HC1. 

i* 
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1 Typochlorous acid bleaches litmus, indigo, and many other 
colnined carl ton compounds. As the acid is readily liberated 
iroin hypochlorites, the hitler (calcium hypochlorite, sodium 
liypochloi de) are used in bleaching on tin* commercial scale. 

Hypochlorites an* formed, together with chloride's, when 
an aqueous solution of a chloride Mich as sodium chloride is 
submitted to electrolysis, provided that the solution is kept 
vnbl and well stirred during the operation ; under these, con- 
ditions the chlorine which is set frees at the positive electrode 
is not libeiated as a gas, hut is acted on by the sodium 
hydroxide which is formed at the negative electrode (p. 303). 

Hypohromous acid, HOUr, is similar to hvpochlorous acid 
in properties. The existence oi hypoiodous acid, HOI, is 
doubtful. 

Chlorine monoxide, CL,< >, is formed when pure dry chlorine 
is passed over mercuric oxide which is kept at 0°, 

Hg( ) + 2C1, n^O + HgOL 

It is a yellowish-brown gas, having an irritating smell, and 
it ox id i. si -s many substances with ex plosive violence ; it dis- 
solves in water, gi\ing hypochlonms acid, for which reason it 
is regarded a* the tuilojilrhb* ( j ». 233) of this acid, 

<;i 2 <M - JLO= 2JIOCJ. 

Compounds ok the Type 11X0,, <>k II-0-X0 2 . 

When an aqueous .solution of a hypochlorite is evaporated, 
even at ordinary temperatures, some of the hypochlorite 
is converted into chloride and rJJnmti' ; the same change 
occurs, hut more rapidly and completely, when the solution 
is heated, 

3KOC1 ‘2KCI + KC1 <>, 

3Ca(( ’ll }), 2(jaf \ + ( a(<;i< 

Hence on chlorine being passed into a hot solution of potassium 
hydroxide, sodium hydroxide, barium hydroxide, instead 
of ft hypochlorite and a chloride, a chlorate and a chloride are 
formed The final result of the two reactions, which occur 
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successively, and which are expressed respectively by the 
equations already given, may bo summarised as follows, 

3C1, -l- (>K( >1.1 5 KOI 4- KCIO, + 31I 2 G 

6Cl“ + 6Ca(( >11 ) a - DCaClj 4 - C^ClOg)., 4 - 611*0. 

As the chlorates are generally far less soluble in cold water 
than the corresponding chlorides, the former may often be 
obtained in a state of purity by evaporating the solution, 
removing the crystals which are lirst deposited from the cold 
solution, and then purifying them by recrystallisation from 
water. Bromates and iodates may be prepared by similar 
methods. 

Since the chlorates, bromates, and iodates of sodium and 
potassium are decomposed at a ml heat, giving the corre- 
sponding chloride, bromide, or iodide, the preparation of one 
of these halides from the element is accomplished by dissolv- 
ing the halogen in approximately the theoretical quantity 
of a solution of sodium or potassium hydroxide, and then 
evaporating the solution to dryness and strongly igniting 
the residue. The halide thus obtained is then purified by 
recrystallisation from water. 

Chloric acid, HC10 3 or H-O-Cl;^, is obtained in 

aqueous solution when barium chlorate is treated with a 
dilute solution of an equivalent quantity of sulphuric acid 
and the precipitated barium sulphate is separated by filtration 
through asbestos, 

B;i(CI(\) 2 4- 1I L ,S0 4 ■= 2HC10 3 4- BaS0 4 . 

On the solution being evaporated below 40° under reduced 
pressure, a colourless, odourless, concentrated solution of the 
acid remains. * 

* The principle illustrated here is very often used in preparing acids 
which decompose when they are heated or which are not volatile. By using 
exactly the right proportion of sulphuric acid the whole of the barium is 
precipitated as the insoluble sulphate, and the filtered solution contains 
only the desired acid. Similarly, soluble silver salts may be decomposed 
with the equivalent quantity of hydrochloric acid, soluble lead salts with 
hydrogen sulphide, and so on. 

iiwvy. 2 B t 
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Chloric acid decomposes when its concentrated solution is 
heated, giving perchloric acid, water, and chlorine dioxide (or 
oxygen an l chlorine), 

3HCK > ;{ - HCh ) 4 -}- H./> H- 2010, 

It is a vigorous oxidising agent, and oxidises hydrogen chloride, 
for example, giving water and chlorine, 

HC1() 3 + oil Cl - 3 1 CO 4- 3C1. 2 . 

The salts of chloric acid, of which potassium chlorate is 
the most important, are prepared on the largo scale for use 
as oxidising agents. 

Solutions of chlorates, unless very concentrated, do not give 
a precipitate with silver nitrate, because silver chlorate is 
voluble in water. When a chlorate is warmed with concen- 
trated sulphuric acid, chloric acid is liberated, but is im- 
mediately decomposed (see above) ; the chlorine dioxide thus 
formed explodes violently, so that the reaction should 
be performed with very small quantities (say 0'1 gram) 
only. 

Potassium chlorate, KC10 3 or — O - K, is prepared 

in the laboratory by passing chlorine into a hot solution of" 
potassium hydroxide (or potassium carbonate) until the. gas 
is no longer absorbed; the solution is then concentrated, and 
the potassium chlorate which separates on cooling (leaving 
the chloride in the mother-liquor) is recrystallised from 
boiling water. 

It is prepared on the large scale by first saturating hot 
‘milk of lime * with chlorine ; the solution of calcium chlorate 
and chloride thus obtained is treated with potassium chloride 
(p. 404), evaporated, and allowed to cool. As tin; potassium 
chlorate formed by the reversible reaction, 

Ca(ClC) 3 ) 2 + 2KC1 ^ — > 2KC10., + CaCl 2 , 

is only sparingly soluble in cold water and is deposited in 
crystals as the solution cools, the reaction proceeds from left 
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to right until most of t^o calcium chlorate has been docom- 
]>osod. The product is purified by recrystallisation. 

Potassium cl i locate is also manufactured by the •electrolysis 
of a hot solution of potassium chloride (platinum-indium 
anodes and iron-nickel cathodes being used). The potassium 
hypochlorite formed as a 'secondary product of electrolysis 
is thus converted into the chlorate and chloride, and the 
former is obtained in crystals by concentrating and then 
cooling the solution. Other chlorates arc prepared in a 
similar manner. 

Potassium chlorate melts at about 3f>0 u , and begins to 
decompose with appreciable rapidity at a slightly higher 
temperature (p. 82). Owing to its relative instability and 
the large proportion of oxygon liberated by its decomposition, 
it is a very vigorous oxidising agent at high temperatures 
and under other conditions as well. Thus when a little 
potassium chlorate is thrown on red-hot charcoal a vigor- 
ous deflatjrntion ensues, and when a mixtuie of potassium 
chlorate and sulphur, or potassium chlorate and cane-sugar, 
is struck with a hammer on an anvil, a violent explosion 
occurs.* 

Potassium chlorate is often used in the laboratory as 
an oxidising agent in conjunction with hydrochloric acid, 
which first liberates from it chloric acid ; in sucli cases the 
oxidising action is due to the chlorine which is set free 
by the interaction of the chloric and hydrochloric acids 
(p. 434). It is also used in the manufacture of matches and 
fireworks. 

* It is obvious that those mixtures must not be made by grinding their 
components together, otherwise dangerous explosions will result. They 
are prepared by carefully mixing the finely ground components (about 
1 part of sugar or 2 parts, of sulphur to 4 parts of chlorate) on a piece of 
paper with a horn spatula, and, particularly in the case of sulphur and 
potassium chlorate, small quantities only (say 0*5 gram) of the mixture 
should bo prepared and used. The mixture of sugar and chlorate is safe 
to handle, and may be prepared (but not exploded) iu larger quantities (say 
10 grams) ; this mixture may also be inflamed by touching it with a glass 
rod which is moistened with concentrated sulphuric acid. 
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Chlorine dioxide, C10 2 , formed in the manner mentioned above 
(p. 434), is a dark, greenisli-vellow gas which explodes when it 
is heated, giving oxxgen ami chlorine. It combines with water, 
yielding a mixture of chlorous and chloiic acids; 

2CU)o + IU ) = 11010,.+ HC1() 3 , 

and with potassium hydroxide, giving a mixture of cMoritc and 
chlorate. 

Chlorous acid, HC10 2 or II - O - CIO, is only known in the form 
of its salts (the chlorite. v), and even these undergo decomposition in 
aqueous solution, with production of a chloiate and a chloride, 

3K010.,— 2KC10 ; , + KC1. 


Bro mi c acid, HI5rO ;{ or II— O- llr^Q, may be prepared in solu- 
tion by methods similar to those used in the case of chloric acid, 
which it resembles in propei ties. When treated with iodine it 
gives iodic acid, and bromine is set free, 

21IIh*() 3 + I 2 =2HIO a + Urg. 


Iodic acid, HlO.. or H 


. o _ 

Ny 


occurs as a salt in 


caliche (p. 414), and may be obtained in various ways. In 
the form of a salt it is produced by treating iodine with a hot 
aqueous solution of potassium hydroxide, barium hydroxide, 
&c. ; the very unstable hypoiodite which is first formed 
(p. 430) is converted into iodate and iodide (p. 432), so that 
the iiual result is expressed by an equation such as, 


3I 2 + GKOH - 5KI + KI0 3 + 311/ ). 

Free iodic acid is prepared by passing chlorine into water 
which contains iodine in suspension and in solution, 


5C1 2 + 6H 2 0 + ] 2 = 2HTO s + 10HC1. 

As iodic acid oxidises hydrogen chloride in strong solutions, 
plenty of water must be used, and the hydrogen chloride 
must be precipitated with silver oxide, before the solution is 
concentrated. 

A better method is to warm finely powdered iodine with 
a large quantity of concentrated nitric acid until no free 
iodine remains ; on the solution being evaporated, iodic acid 
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is obtained in colourless crystals, which are purified by re- 
crystallisation from water, 

i 2 + iohno 3 =2Hio 8 + ioNo*+4ir 2 a 

Iodic acid is a fairly stable compound, but when heated at 
170° it decomposes into water and its anhyjlride, I 2 O f) . It is 
a vigorous oxidising agent, and is rapidly reduced by many 
compounds. Thus when treated with sulphurous acid (or 
an acid sulphite, p. 414), with hydrogen sulphide, or with 
hydrochloric acid, it gives a precipitate of iodine. 

The first change in these reductions probably results in the 
formation of hydrogen iodide, and may be represented by a 
partial equation such as, 

HI0 3 + 3H 2 S0 3 = 3HgS( > 4 + HI. 

The hydriodic acid then acts on some of the iodic acid, 

5H I + Hit ) 3 = 3H 2 0 + 3To, 

so that the final result may be expressed by 

2H r0 8 + 5H 2 H0 3 = 5H 2 S0 4 + 1 2 + II 2 0 * 

To look at the matter in another way : 2HI0 3 = H 2 0 + 1 2 0 5 , 
so that two molecules of iodic acid give, when reduced to 
iodine, 5 atoms of oxygen, which will oxidise 5S0 2 to 5S0 8 , 
5H„S to 5H 2 0 and sulphur, and so on. If the reducing 
agent is added in greater proportion, the liberated iodine may 
be converted into hydrogen iodide (p. 415). 

There is some uncertainty as to whether the molecular 
formula of iodic acid is II10 3 or II 2 l 2 O t . or H 3 I 3 0 } „ as salts 
are known of the composition MHT 2 O 0 and MH 2 I 8 O 0 , ns well 
as MI0 3 , whore M represents 1 atom of a univalent metal. 

* This equation is deduced in the following manner: Thu quantities 
represented in the first partial equation are multiplied by ft in order to 
obtain the fijfl required in the second partial equation. By combining 
the two partial equations, the expression 

«HTO :l + 1 5HoS0 3 =ir»H 2 S0 4 +3HoO + 3L, 

is then obtained, and the quantities here represented are finally divided by 
3 for the sake of simplicity. 
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Silver iodate, AglO gj is a colourless crystalline substance, 
practically insoluble in water. Iodic anhydride, J 2 0 6 , is a 
colourless solid which combines with water, giving iodic acid ; 
it decomposes into its elements at about 300°. Iodine 
dioxide, 10 ., or T,0 4 , is a lemon-yellow solid, obtained by 
cautiously beating iodic acid with concentrated sulphuric 
acid. 


Compounds of the Type IIX0 4 or H - O - X0 3 . 

Wlien potassium chlorate is heated gradually, it melts and 
then decomposes, giving oxygen, potassium chloride, and 
potassium porch locate, 

2KCKY Q 2 + KC1 + KC10 4 . 

If the heating is discontinued .as soon as the molted mass 
"becomes pasty (while kept at about the same temperature), 
and the residue is then cooled and treated with boiling 
hydrochloric acid (to decompose any unchanged chlorate), 
most of the potassium chloride dissolves, and the remaining 
sparingly soluble perchlorate may ho purified by recrystallisa- 
tion from boiling water. 

Perchloric acid, I1C10 4 , is obtained when potassium per- 
chlorate is distilled with sulphuric acid under reduced 
pressure. 

It is also formed when cldorates are treated with sulphuric 
acid, the liberated chloric acid decomposing in the manner 
al read y*descri bed (p. 434). 

Perchloric acid is a colourless, extremely dangerous liquid. 
Although stable in aqueous solution, the acid itself decom- 
poses spontaneously even in the dark, often with explosive 
violence. It also explodes when it is brought into contact 
with wood, paper, and similar substances, on which it acts as 
an oxidising agent. On the other hand, in cold aqueous 
solution it dues not oxidise hydrogen chloride,* hydrogen 

TJbo difference in behaviour between a chlorate and a perchlorate 
towards hydrochloric acid may be utilised in estimating the former in 
presence of the Utter. 
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sulphide, or sulphurous acid. When treated with iodine it 
yields iodic acid (p. 436). 

Chlorine heptoxide, Cl/) 7 (or perchloric anhydride ), is 
obtained when perchloric acid is cautiously treated with 
phosphoric anhydride, and the mixture is then distilled. It 
is a liquid boiling at 82 J , and is explosive ; it combines with 
water, giving perchloric acid. 

Periodic acid is obtained as a salt when chlorine is passed 
into a hot aqueous solution of sodium iodate and sodium 
hydroxide ; the*, sodium hydroxide gives rise to sodium hypo- 
chlorite, and the latter oxidises the iodate to jjoriodate. 

The free acid, HI() 4 , 2H. J > or H 5 IO 0 , may be obtained by 
the electrolytic oxidation of a solution of iodic acid. It is 
crystalline, and decomposes at 140°, giving iodine, oxygeq, 
and water. Its aqueous solution oxidises hydrogen iodide, 
giving iodine ; when treated with sulphurous acid it is first 
reduced to iodic acid and then to liydriodic acid, which then 
react, giving iodine, when, a certain proportion of the reducing 
agent has been added. 

A compound of the composition HI0 4 , corresponding with 
H<T0 4 , has not been isolated, although salts such as AgI0 4 
and NaTO, arc known. The composition of the free acid is 
H r 10 ( ., which corresponds with III0 4 -I- 2H./), hut for certain 
reasons free periodic acid is not regarded as Hl<> 4 crystallised 
with two molecules of water. * Tt is more probably a pentabasic 
acid, 10(011), |f which, however, generally acts as a dibasic acid, 
and forms acid salts of the type Na 3 H 3 IO fl or IO(OH) B (ONa) 2 . 
Many different acid or hydrogen salts derived from this 
acid are known, and also many salts derived from other 
closely related compounds, such as H 3 IO n or I0 2 (0H) 8 . 

* When one molecule of If. -JO,,, is treated with one molecule of potassium 
hydroxide the heat of neutralisation is only 5150 calories; with t.vo and 
throe molecules of the hydroxide t.he heats of neutralisation are 2ft, 590 
and 29,740 calorics respectively. Since the heat of neutralisation for the 
proportion ll-JO,, :'2KOH is so very much greater than for lf r JO fi : KOH, 
and since the value for tho former is very, little less than for the proportion 
HqIO q : 3KOH, it would seem that the acid is dibasic. 
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The Valency of the Halogens in tiieih Oxygen 
• Compounds. 

The oxy-halogen acids which have now been described or 
mentioned are monobasic (except certain periodic acids), and 
belong to one of the following types, where X represents one 
atom of a halogen : 

HXO (H-O-X). HXO* IIX0 3 . HX0 4 . 

Hypochlorous aold. Chlorous acid Chloric acid. Perchloric add. 

Hypobromous acid. — Bromic acid. — 

Hypoiodous acid. — Iodic acid. Periodic acid. 

The names of the more important compounds are printed 
in heavy type. 

It will he seen from this table, and from the description 
which lias been given of these compounds, that the close 
relationship already observed between the members of the 
halogen family (p. 423) is also exhibited in their oxides 
and oxy-acids; broadly speaking, the three elements which 
give rise to such compounds form corresponding derivatives 
identical in type. 

Xow it would he possible to assume that the halogens are 
univalent in these oxy-acids and iu their oxides, just as they 
are in their compounds with hydrogen and the metals. Thus 
the different types of acids might conceivably be represented 
by the structural formulae, 

H-O-X, H-O-O-X, H-O-O-O-X, 

, and H-O-O-O-O-X 

respectively. But from an examination of the properties of 
the elements as a whole, it must he concluded that the 
valency of an element may vary ; that this property depends 
on the nature of the other element or elements with which the 
given element is combined. A general rule in this connection 
is that the valency of an element towards hydrogen and other 
eiectro-positivc (p. 390) elements is different from its valency 
towards oxygen and other electro-negative elements. Thus 
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in tlie rase of the oxy-halogen acids it would seem that their 
structures should he represented respectively by the following 
formula?, # 


H-O-X, IT - O - X -- O, H-O-X^, H-0-X= O, . 

• V) 

in which the valency of the halogen is 1, 3, 5, and 7 
respectively, hut the evidence in favour of these formulae is 
not very conclusive. 

The structures of the anhydrides of the types X. 2 0, X 2 0 5 , 
and X 2 0 7 would then he expressed respectively by the 
corresponding formulae, 

x-o-x, O^X - O - X =0, 

or ^0 \q • 

which would indicate their relationships to the acids, while 
the oxides X 2 0 4 would he represented hy the formula 

0 = X — O — X^||. Although the vapour density of chlorine 

dioxide corresponds with the simple formula CIO,,, it may be 
supposed that these molecules are dissociation products of 
CIA (compare N 0 0 4 , p. 350). This view seems to be borne 
out by the behaviour of the oxide towards water (p. 436) ; 
since it giv(3S a mixture of chlorous and chloric acids, it is 
probably a mixed anhydride, that is to say, ail anhydride 
derived from two different molecules, 


0 : 01 - 0-11 + 11-0 



H.,0 + 0:Cl-0-Cl^. 


Chemical Nomenclature. 

Although the names of chemical compounds are not always 
chosen in accordance with a definite system, certain general 
rules are observed in the case of acids and of the salts derived 
from them. 

When tho hydrogen compound of an element is an acid, 
its name is derived from those of the two element's contained 
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in it, as in tho case of hydrogen chloride, and the other 
halogen acids. The aqueous solution of the com pound, and 
often also the compound iLself, are, also denoted by applying 
the prefix 'hydro and the suffix ir to the name of the 11011 - 
metallic or electro-negative element, or to ail abbreviation of 
this name. Thus an aqueous solution of hydrogen chloride 
is called hy<l roMoric acid. The salts derived from such 
acids (which do not contain oxygen) are simply named after 
the two elements which they contain, the termination hit 
being used with the name of the electro-negative element, as, 
for example, sodium elilor n/e, calcium lluor/de. 

When elements form acids which contain oxygen, the 
names of these acids are derived from those of the distinctive 
acid-forming element. Thus the compound H tl S0 4 is called 
sulphuric acid because it is derived from the acid-forming 
oxide or anhydride of the element sulphur ; the compound 
II 3 P0 4 is called phosphoric acid because it is derived from an 
oxide of phosphorus The salts of such acids which contain 
oxygen have names ending in air . In many cases, however, 
a given element forms two acids containing oxygen ; the 
name of the acid corresponding with the foirrr oxide then 
ends in ous, and the salts derived from it in Hr. Thus 
the oxides S0 2 and SO. t give rise to the acids H tJ SO ;1 and 
H 2 K0 4 respectively; the compound If., So, is therefore 
named sulphurs* acid, and its salts are termed sulph/Vc*. 

If more than two oxygen acids are derived from a given 
element, the prefix hypo is used to denote a /mw stage of 
oxidation than the oita acid, and the prefix prr to denote a 
hiyher stage of oxidation than the ir arid. Thus to distinguish 
them from chlorous acid, 1IC10 2 , and chloric acid, HC10 3 , 
the compounds TICK) anil 1IC10 4 are named ////^ochiornus 
and j/wchloric acid respectively 
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CHAPTER XLVII. 

Manganese and its Compounds. 

Manganese, Mn. t ;* At. Wt. 54*9. 

The hlack crystalline mineral pyrolusite, which is used as 
an oxidising agent in preparing the halogens (pp. 140, 409), 
consists principally of manganese dioxide, MnO y , and is 
the chief source of all commercial manganese compounds. t 
Several other oxides of manganese occur in nature, and most 
iron ores contain manganese compounds, hut manganese is 
not found in the free state. 

Manganese is a metal (p. 1255), and, like a great many 
other metals, it may be obtained by reducing its oxides with 
carbon (coal, charcoal), but an extremely high temperature is 
required to bring about reduction. 

It may be prepared in the laboratory by mincing manganese 
dioxide with aluminium, J 

* f 3MnO tJ + 4Al = 3Mn + 2Alo0 a . 

A small quantity (say *20 g.) of a mixture of dried manganese 
dioxide and dried aluminium powder (free from grease) is 
placed in a small crucible, the end of a short piece of magnesium 
ribbon is pushed into the mixture, and the magnesium is 
ignited. As soon as the very vigorous reaction is at an end, 
a further quantity of the mixture is added, and the addition 
is repeated at suitable intervals if required. In consequence 
of the great heat development both the manganese and the 
aluminium oxide are melted, and the two liquids separate, 
the oxide rising to the top ; if a slight excess of manganese 

* The molecular formate of. many of the metals are unknown ; in such 
cases the molecule is represented by the atom of the element. 

I f Pyrolusite generally contains silica ami earl k mates of barium, calcium, 
iron, and manganese. 

X In this and in similar experiments the eyes should he protected, as the 
reaction is extremely violent and may }K>ssibly be explosive. 
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dioxide is used, the manganese is free from aluminium. This 
process was discovered hy Goldschmidt, who also used 
alumiuiury for the reduction of several other metallic oxides 
(pp. 502, 704). 

Manganese is little used alone, hut its alloys are com- 
mercially important. It rusts in the atmosphere and is 
readily attacked hy dilute hydrochloric or sulphuric acid, 
giving manganous salts and liberating hydrogen. 

The Manganous Compounds. 

When manganese dioxide is heated with excess of concen- 
trated hydrochloric acid until the evolution of chlorine ceases 
and the (filtered) solution is then evaporated and cooled, a 
funk, crystalline, readily soluble salt, manganous chloride, 
MnCl 2 + 4H a O, is obtained. 

This salt is not derived from, and does not correspond 
with, manganese dioxide (p. 286). It is a derivative of 
manganous oxide, MnO, because the metal has the same 
valency in this oxide as in manganous chloride. 

Now a metallic oxide which gives rise to corresponding 
salts is termed a basic o.ride ; manganous oxide, therefore, is 
a basic oxide, and the salts derived from it are called the 
manga no u.v salts. 

A solution of manganous chloride when treated with sodium 
hydroxide solution (in absence of air) gives a colourless, 
flocculent precipitate of manganous hydroxide, 

MnCl 2 + 2NaOH = Mn(OH) 2 + 2NaCl. 

This hydroxide is insoluble in water, but it dissolves chemi- 
cally in acids, giving the corresponding salts. 

Manganous hydroxide is nof precipitated from a solution 
of a manganous salt by .sodium hydroxide if the solution also 
contains excess of ammonium chloride or other ammonium 
salts, in which manganous hydroxide is chemically soluble.* 

* Nearly all the metallic hydroxides of the type X(OII) a which are 
insoluble iti water dissolve chemically in solutions of ammonium Balts (p. 621). 
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Manganous hydroxide, like most metallic hydroxides, is 
readily decomposed when it is heated, giving manganous 
oxide, MnO, ;md water; in absence of n i r the oxide is 
obtained as a green powder, which combines with oxygen 
very readily. 

Manganous carbonate, MnC0 3 , is obtained as a colourless 
precipitate when a manganous salt is treated with sodium 
carbonate in aqueous solution. It is insoluble in water, but 
it dissolves chemically in acids, giving manganous salts, and 
it decomposes when it is heated, giving manganous oxide 
and carbon dioxide ; these are properties common to the 
normal carbonates of most of the metals (p. 276). 

Manganous sulphate, MnS0 4 , may be prepared by dissolv- 
ing the hydroxide or the carbonate in sulphuric acid and 
then evaporating the solution ; at low temperatures it separ- 
ates in pink hydrated crystals, which have the composition 
MnS0 4 , 7H 2 0. 

Manganous sulphide, Mutt, is formed as a flesh-coloured 
precipitate on ammonium sulphide being added (p. 267) to a 
manganous salt in aqueous solution. It is insoluble in water, 
but it dissolves chemically in strong acids, giving hydrogen 
sulphide and a manganous salt. 

Manganese Dioxide and the Manganites. 

Although all elements which are classed as metals form at 
least one basic oxide, many metals also form acidic oxides 
(anhydrides), and, from the latter, acids are produced either 
by direct combination with water or by indirect processes. 
This is the case with the metal manganese ; manganese 
dioxide may be regarded as the anhydride of a dibasic acid, 
mamjanom arid , H 2 Mn0 s (Mn() 2 + II 2 0) J or of a tetrabasic 
acid, orthomamjanom add , H 4 Mn0 4 (Mn0 2 + 2II 2 0), although 
neither of these compounds has been obtained in a pure 
state. 

When manganous hydroxide, prepared as described above, 
is merely exposed to the air in a moist state, it gradually 
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darkens in colour and ultimately becomes black. This is the 
result of atmospheric oxidation, but as the product cannot be 
purified and as different preparations differ in composition, it 
is not known exactly what is formed. It seems probable, 
however, that the black substance contains manganous acid, 

2Mn(01J) 2 + 0„-21I s Mii<> 8 . 

Manganous acid may be obtained as a black precipitate, 
mixed with sodium manganite, by adding sodium hydroxide 
and sodium hypochlorite or sodium hypnbromitc (or sodium 
hydroxide and then chlorine- or bromine- water, p. 429) to a 
solution of a manganese salt, 

Mn(< >14). -i- Nat >01 lI,Mn< > 3 + NnCl. 

The (impure) substance which is formed in this and in 
several other ways described later (p. 419) is generally called 
‘hydrated ma/tyauese dioxide / as its composition is represented 
approximately by the formula Mid > 2 , Hj). 

Manganese dioxide, MnO, or (>=Mn~(), remains as a 
black powder when this hydrated substance is washed with 
water, dried, and gently heated. The. dioxide yields oxygen 
when it is strongly heated alone or with concentrated 
sulphuric; acid, 

3M nO , = M n 3 ( ) 4 + ( >0 
2M»0.> + 2II 2 SO“ - 2MmS< > 4 + 211,0 + 0 2 . 

Manganese dioxide is used in the preparation of the 
halogens, the permanganates, and other salts, some, of which 
are employed in dyeing ; it is also utilised in the manufacture 
of glass. 

When a little manganese dioxide is melted with a colourless 
glass (p. 293), the product lias an amethystine colour. (Hass made 
from materials which contain ferrous compounds has a greenish or 
greenish ^yellow tinge (hot tie-glass), but when a little manganese 
dioxide is also used, the resulting glass is practically colourless, 
localise amethyst and green are complementary colours. It may 
l»e, also, that the green ferrous compounds are oxidised to ferric 
compounds, which have hardly any colour and impart only an 
almost impeK®ptibIe yellow tinge to the glass. 
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Salts of manganous acid, like the acid itself, arc unknown 
in a pure state, but certain impure manganites are, utilised 
commercially in Weldon's process for the recovery of the 
manganese dioxide which lias l»een used in preparing chlorine. 

In this process the liquors from the chlorine generators 
are first neutralised with limestone, which at the same time 
causes the precipitation of ferric hydrate.* The clear solution 
of manganous chloride is now mixed with milk of lime in 
suitable proportion, whereby manganous hydroxide is precipi- 
tated ; the whole is then heated to 55°, and a stream of air 
is Mown through the liquor. In this way manganous acid is 
formed by the oxidation of the manganous hydroxide, and a 
black precipitate of impure minium mawjanit^ CaMnO n , is 
obtained ; after tin* precipitate is allowed to settle, the liquor 
is run oil’. The rMidue is used in preparing chlorine, since 
with hydrochloric acid it lirst gives calcium chloride and 
hydrated manganese dioxide (manganous acid), and the latter 
then behaves like manganese dioxide. 

A compound of the composition, Mn/) 4 , occurs in nature 
as a mineral (hnutnnannUc), and is obtained as a red or brown 
powder by strongly heating manganous oxide in the air. Jt 
is also formed when manganese dioxide is very strongly 
heated, oxygen being evolved (p. 446). 

When treated with acids this oxide does not yield corre- 
sponding salts, but behaves -as if it were a mixture or a 
compound of 2Mn< ) and Muth,. With nitric acid, for example, 
it gives a manganous salt (2 molecules), with separation of 
manganese dioxide (1 molecule), 

Mn,0 4 + 4IIN(> S = 2Mn(NO s ) a + Mn0 2 + 2II 2 0, 
whereas with hot concentrated hydrochloric acid it gives 
a manganous salt, with evolution of chlorine, 

Mn 3 0 4 + 81101 - 3MnCl s + Cl 2 + 411,0. 

! * Ferric chloride is decomposed by calcium carbonate, but ferric car- 
bonate is not obtained because it is immediately hydrolysed by water. 
2FeCl 4 4- 3(3aCO ;i ~ Fe 2 (CO ,):» + :*CaCl 2 
i Fo 2 (C0 3 ) 3 +6H t O < >2Fe(OH) 3 +3H,/XV 
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From this behaviour it may be inferred that the compound 
is the inan^an nun salt, Mn 2 Mn0 4 , of orthomanganous acid., 
!Mn(0]-I ) , or lljMid), (compare ]>. 415). 

An oxide of the composition, Mn 2 (> 3 , occurs in nature as 
a mineral (hrauaifr), and is obtained as a dark- brown powder, 
commonly known as manganese sesquioxide, when manganous 
oxide or manganese dioxide is gently boated in the air. 
Towards dilute sulphuric and nitric acids it behaves as if it 
were a mixture or compound of M 11 O and MnO g , so that 
it might be regarded as a manganese salt, MnMn0 8 , derived 
from manganous acid, MnO(()H) 2 or H 2 Mn0 3 . On the 
other hand, with concentrated sulphuric acid it gives the 
correspond iny salt, manganic sulphate, 

1 Mn s 0 3 + 3H 2 »S0 4 = Mn 2 (S0 4 ) 3 + 3H 2 0, 

and in this case behaves like a basic oxide. 

Now tlie oxides of iron and of chromium of the type X 2 O s 
are basic oxides, and the corresponding hydroxides, sulphates, 
chlorides, &c. are well-known compounds; from analogy, 
therefore, the compound Mn 2 0 3 might well he regarded as a 
basic oxide. Whatever may be the nature of this compound, 
certain % salts derived from an oxide of this type are known, 
and are termed manganic salts; they are, however, very 
unstable, and are hydrolysed by water. 

Manganic sulphate, Mn 2 (80 4 ) ;p is also obtained by gently 
heating manganese dioxide with sulphuric acid, 

4Mii0 2 + GH,S0 4 = 2Mn 2 (S0 4 ) 3 + 6H 2 0 + 0 2 ; 

it is a dark -green, deliquescent substance. 

Manganic chloride, Mn('l 3 , is possibly contained in the 
dark-brown solution which results when manganese dioxide 
is treated with concentrated hydrochloric acid at low 
temperatures ; the tetrachloride, MnCl 4 , may also be present 
instills liquid. 

Manganic hydroxide, MnO(OII), occurs as a mineral 
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(m art fl finite), and is formed when manganic sulphate is treated 
with water, 

Mn 2 (S0 4 ), + 6H k> () - 3ir,S< + 2Mn(OII), # 
2Mn(OH) ;r - 2MnO(()lI) + 21I a ()- 

it dissolves in hot sulphuric acid, giving manganic sulphate. 


Manganates and Permanganates. 


Potassium manganate, K 2 Mn0 4 or 


K - (). 
K-0 


>«»c * 


obtained as a green mass when manganese dioxide is heated 
with potassium hydroxide in presence of (atmospheric) 
oxygen, or, better, in presence of some, potassium chlorate 
or pota Minin nitrate, or any salt which gives oxygen when 
it is heated. 

The same substance is formed when any other oxide, or 
any salt of manganese, is treated in this way, 


MnO a + 2KOH + < ) - K 2 Mn0 4 + H a O * 

When suitable proportions of dioxide, chlorate, and potassium 
hydroxide are used, the product may be obtained in crystals 
by dissolving it in a small quantity of water, and then 
allowing the solution to evaporate at ordinary temperatures. 

Potassium manganate dissolves in a relatively small 
quantity of water, giving a beautiful green solution ; but on 
this solution being dilated largely with water it turns pink, 
owing to the formation of potassium permanganate, and a 
precipitate of hydrated manganese dioxide (p. 446) is fonned, 


3K,Mn0 4 + 3ir a O = 2KMn0 4 4- Mn0 2 , H a O + 4KOH. 

The conversion of the manganate into the permanganate 
may also be brought about by adding an acid, or some 
oxidising agent, without diluting the solution. 

* In this ami in many other partial equations the proportion of an 
element may be expressed in atom* instead of in molecules in cases where 
the element in question reacts in the nascent, stat' (p. 340). The oxygen 
represented in this equation is not (atmospheric) molecular oxygen, but 
tlmt derived from potassium chlorate or nitrate. 

Xnorg. 2 0 
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Potassium mangainito is hydrolysed by water: the manganic 
acid, which, presumably, is formed, then decomposes, giving 
a precipitate of hydrated manganese dioxide and permanganic 
acid ; this acid micts with tin* potassium hydroxide, forming 
the potassium nail and water. These changes, 

K,Mn< ) 4 + 2] U ) - H,Mn( ) 4 + 2 K OH, 

3H. 2 Mn(> 4 -JHMn0 4 “+ MnO,, H,0 + H. 2 0, 

and the formation of the potassium permanganate from the 
permanganic acid, are summarised in the equation (p. 419). 
Potassium manganate dissolves in a concentrated solution of 
potassium hydroxide or sodium hydroxide without under- 
going decomposition, as the great concentration of the alkali 
prevents hydrolysis, and the salt is much more stable than 
the acid. 

Sodium manganate, Na 2 MnO p is easily obtained by using 
sodium hydroxide in place of potassium hydroxide in the 
reactions described above, and also by heating manganese 
dioxide witli sodium peroxide (p. (>71), 

Mn() y -f Na 2 0 2 = Na. 2 Mn() v 

Other manganese compounds also yield sodium manganate 
under these conditions. 

Potassium permanganate, KMn0 4 or K - O - Mn = 0, is 

one of the most, important manganese compounds, and is 
prepared on the large scale. For this purpose the man 
ganate is first manufactured by heating manganese dioxide 
with potassium hydroxide and potassium chlorate in iron 
vessels. The crude product is dissolved in a lanjp volume 
of water, the precipitate of hydrated manganese dioxide is 
allowed to settle, and the clear solution is then evaporated. 
The potassium permanganate, which is finally deposited in 
Crystals, may be purified by recrystal li anti on from water ; the 
potasewm hydroxide in tho original mnthev-liquor# (equation. 
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p. 449) may ho used for preparing further quantities of the 
mnuganate. 

Instead of the maugmiate being dissolved in a lavge volume 
of water, its concentrated solutions may be treated with 
carbon dioxide, or oxidised with chlorine or with ozone, 
2K 2 Mii<) 4 4 - CL, - 2KMn0 4 + 2KC1 
2K a Mn(> 4 4- OjV H.,() - 2Kl\In0 4 4- 2KOH 4- 0 2 , 
or they may be submitted to electrolysis; in the lost case 
potassium permanganate and potassium hydroxide are obtained 
in solution and hydrogen is evolved, 

2K a Mn0 4 + 2II a ( ) - 2KMn0 4 + 2KOH + H 2 . 

Potassium permanganate forms dark reddish-purple crystals 
wliicli have a greenish lustre ; it is not very soluble in water 
(its solubility is 4*3 at 10 ), but its saturated solution is 
intensely coloured. The solid i« readily decomposed when 
it is heated alone, 

2KMn< \ = K a Mii() 4 -4 MnO., 4- 0 2 , 

and a violent explosion may occur when it is heated with 
can cent rated sulphuric acid,* 

4KMii0 4 4 - f)IT 2 S( > 4 - 2K 2 S0 4 4- 4MnS0 4 4 - 6H 2 0 4- 50 2 , 

hut it is not decomposed by boiling dilate sulphuric acid. 

Potassium permanganate is a salt of permanganic acid , 
HMn0 4 , a compound which is derived from an anhydride, 
Mn.,0 7 , 

Hu a 0 7 + H a 0=2HMn0 4 . 

In presence of many substances which can combine with 
oxygen, this acid is rapidly reduced to lower oxides of 
manganese (Mn() 2 or MnO); hence potassium permanganate 
is a very important oxidising agent. 

When used as an’ oxidising agent in presence of excess 
of dilute 1 sulphuric acid, the acid HMn0 4 (which corresponds 
witli the oxide Mn 2 0 7 ) is reduced to manganous oxide, 

* For this reason permanganate must not bo brought into Oontaot with 
th* eonefentratod acid. 
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2K Mii() t + TI 2 fi0 4 = Iv. 2 SO, + 2HMn0 4 
21IMn0 4 - 2MnO + II “o + 50.* 

The manganous oxide, however, reacts with the sulphuric 
acid present, forming manganous sulphate and water, so that 
the decomposition of the permanganate may he more fully 
represented hy the partial expiation, 

2KMn0 4 + :m,S( ) 4 - K,S0 4 + 2MnB0 4 + 3Ii 2 0 + 50. 

Five atoms of oxygen available for oxidising purposes 
(am ilablc oxytjm) are thus lil>erated from two molecules of 
the permanganate. 

The decomposition represented hy this partial equation 
does not occur in aqueous solution unless there is also 
some reducing agent present to combine with the liberated 
oxygen; hut many substances will do this. Thus on adding 
excess of sulphurous acid, hydrogen sulphide, nitrous acid, 
oxalic acid, or ferrous sulphate (or hydrogen peroxide, p. 476) 
to a solution of potassium permanganate (in presence of dilute 
sulphuric acid), the colour of the permanganate immediately 
disappears and the added substance is oxidised. 

Ill order to express hy equations the changes which occur 
in these cases, it must he remembered that 2 molecules of 
permanganate give 5 atoms of available oxygen (see above*.), 
and that 1 atom of oxygen is required for the oxidation of 
1 molecule of sulphurous acid, hydrogen sulphide, nitrous 
acid, or oxalic acid respectively ; consequently 5 atoms of 
oxygen oxidise 5 molecules of each of these, compounds, as 
shown by the following partial equations, 

5H 2 S0 3 + 50 = 5II 2 S0 4 5H 2 S + 50 = 5H Q 0 + 58 t 

5IIN0 2 + 50 = 5HN0 3 5H 2 0,O 4 + 50 = “] 0CO 2 + 51I a 0. 

The final results, therefore, are summarised by combining 
one of these partial equations with that given above for the 
decomposition of the permanganate ; thus in the case of 
sulphurous acid, 

* This is a partial equation ; compare footnote, p. 449. 

| Compare footnote, p. 421. 
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2KMn0 4 + 3H 2 S0 4 + 5H 2 S0 3 - 

K 2 S0 4 + 2MiiS0 4 + 3IT 2 0 4- 5H 2 S0 4 , 

or, since sulphuric acid is formed, and therefore inJed not be 
added originally, 

2KMn0 4 + 5H 2 SO ;} - K 2 S0 4 4 - 2MnS0 4 4- 3H a O + 2H.,S0 4 . 

In the case of the oxidation of oxalic acid the iiual results 
would he expressed by, 

2KMii() 4 4- 3IUU ) 4 + 511 2 C 2 0 4 - 

K 2 8< ) 4 + 2MnS0 4 4- 8TI s O 4- 10CO 2 . 

In the case of ferrous sulphate, F«S0 4 , which corresj)Onds 
with the oxide FeO, the oxidation product is ferric sulphate, 
Fc 2 (SOj) { , which corresponds with the oxide Fe 2 0 3 , and the 
conversion of 2Fe() into Fe 2 ().., or that of 2FeS0 4 (in presence 
of sulphuric acid) into Fe.,(S( >,) 3 , requires 1 atom of oxygen, 

2FeS0 4 4 11 2 8( 1 4 4- O - l 1 o 2 (>S( ) 4 ) 3 4- H 2 0. 

Hence 2 molecules of permanganate oxidise 10 molecules of 
the ferrous salt, 

2KMn< ) 4 4- 8H 2 S() 4 + 1 0FcSO 4 = 

X 2 S0 4 4- 2MnS0 4 4- 811./) 4- 5Fe 2 (S0 4 ) 8 . 

A fixed weight of potassium permanganate oxidises a fixed 
weight of each of the above substances. If, therefore, a 
solution of permanganate of known concentration is slowly 
dropped from a burette (p. 256) into a solution containing 
an unknown weight of the reducing agent (previously mixed 
with excess of dilute sulphuric acid) the colour of the 
permanganate rapidly disappears at first, hut ultimately a 
point is reached at which tint addition of one. more drop of 
permanganate imparts- a permanent pink colour to the whole 
solution. When this stage is reached, the permanganate and 
the reducing agent have been used in (equivalent) proportions 
represented by tbe above and similar equations, so that, if 
the. volume (and concent ration) of the permanganate solution 
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which 1ms been added is known, the quantity of the reducing 
agent originally present may he calculated. 

Tn using potassium permanganate lor such iUrafionx no 
indicator (p. 257) is required, hut dilute sulphuric acid must, 
be added in such quantities to the reducing substance that 
the solution remain* strongly acid in reaction during titration ; 
that is to say, enough sulphuric acid must he present to 
convert into sulphate the oxide of manganese whieh is formed 
by the decomposition of the permanganate. 

As the process for which the permanganate is used depends 
on its oxidising action, the quantity of arailahlc oxt/ijon 
contained in 1 litre of the solution is the sole measure of 
the value of the solution. A standard solution (p. 257), 
therefore, is generally made of such a concentration that 
1 litre contains ^th of a (jnwt-cquirafcnf ol' oxygen. A r ow 
2KMn0 4 give 50 ; hence 316 g. (158 x 2 g.) give 80 g., and 
3’16 g. give 08 g. of oxygen, or ,-^th of a gram equivalent of 
oxygen. A solution which contains !.HG g. of permanganate 
in 1 litre may therefore be termed a deoi-normal solution 
(p. 258) when it is used for oxidising purposes. 

The halogen acids and their salts must not be present in 
solutions which are to be titrated with permanganate, as the 
free acids are oxidised. 

Potassium permanganate is not acted on by sodium or 
potassium hydroxide in aqueous solution, hut in presence of 
reducing agents as well, the permanganate is converted into 
the manganate, the solution turning green,* 

2KMn()j + 2KOTI - 2K,Mii() 4 + II/) + O ; 

with excess of the reducing agent, the manganate is then 
decomposed, giving a precipitate of hydrated manganese 
dioxide, 

2K 2 Mn0 4 + 4H a 0 - 4KOH 4- 2MnO,, H,0 + 20. 

* Commercial hydroxides of sodium and potassium contain impurities 
which 'educe ]>ernianganate to manganate, and therefore these hydroxides 
jff-tfm to >irg jaherat this change in absence of a reducing agent. 
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Hoi ice in alkaline .solution the liiml result of tho reduction 
of the permanganate is 

52 KM n 0 4 + 3H,0 = 2KOH + 2Mn( > a , \LJ) +.30, 

and 2 molecules of permanganate give .3 atoms of available 
oxygen. This is the reason why the solution must he kept 
acid in reaction in doing titrations with permanganate; if 
the solution were to become alkaline, the oxidising value of 
the permanganate, would he, changed. 

A solution of sodium permanganate (Condy’s fluid) is used 
as a disinfectant. Sodium permanganate is much cheaper 
than the potassium salt, hut for laboratory purposes it is 
little used, as it does not crystallise very well and is not 
easily purified. 

The Relation of Manganese to the Halogens. 

Although manganese is classed with the. halogens, in 
accordance with the. periodic system (p. 720), there is obvi- 
ously a very great difference between this metal, on the one 
hand, and the. active noii-metallic, halogens, on the other ; 
the difference, in fact, is so considerable that only a few 
points of resemblance can be made out. This dissimilarity, 
when further studied, is seen to he n consequence of the 
position of manganese in the system, rather than an anomaly 
which is dillicult of explanation. For the properties of every 
element are, roughly, tho mean of those of the elements 
which immediately precede and follow it in the order of their 
atomic weights. Xow manganese comes between chromium 
and iron, ami thus occupies a position very different from that of 
any of the halogens ; it would he very extraordinary, therefore, 
if an element so placed showed a close relationship to tho 
sub family of the halogens. 

The. resemblance betweeu manganese and the halogons is, 
in fact, restricted to those compounds which are derived 
from the typical highest salt forming oxides (p. 722) of this 
family. Permanganic acid, HMn0 4 , and perchloric acid, 
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HC10 4 (p. 438), derived respectively from Mn 2 0 7 and C1 2 0 7 , 
are Loth monobasic acids, and are doubtless similar ill 
structure; they are both powerful oxidising agents, and their 
corresponding salts, as a rule, an; isomorphous (p. 324). This 
likeness, though imt very pronounced, affords an instance of 
the interesting fact that the properties of a compound are 
determined rather by the structure of its molecule than by 
the elements of which it is composed. It must be pointed 
out, however, that in this particular case the conclusion that 
the molecules are similar in structure is to a great extent 
based on tlieir similarity in type and in properties, and that 
there is little direct experimental evidence in support of 
the structural formula?, assigned to the manganates and per- 
manganates. 

The anlnjfl rifle, Mn„() 7 , referred to above is obtained as a 
very unstable (explosive) oil when potassium permanganate 
is very cautiously treated with concentrated sulphuric acid 
| (compare footnote, p. 151). 


CHAPTER XL VIII. 

The Oxygen Family. 

Oxygen is the first member of a family of elements which 
are related to one another in chemical behaviour in much the 
same kind of way, although perhaps not so closely, as the 
members of the halogen family ; the other elements of this 
family are sulphur, selenium, and tellurium, and the more 
distantly related metal chromium. 

Oxygen and sulphur, and some, of their compounds, have 
already been described, but a further account of these im- 
portant elements must- he given. Belenium and tellurium 
aie comparatively rarely met with, either in the free? or the 
combined state, and need not be studied in a second year's 
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course. Chromium, on the other hand, gives rise to several 
important compounds which are frequently used both in the 
laboratory and on the large scale. 

Oxygen,. O.,; At. Wt. 16. 

Oxygen (p. 79) may be obtained from many compounds. 
Certain metallic oxides, as, for example, those of mercury, 
silver, gold (p. 665), and platinum (p. 712), and certain 
noil-metallic oxides, such as those of chlorine, are decomposed 
into their elements when they are heated. This, however, is 
not the general behaviour of oxides, many of which are stable 
even at the highest temperatures attainable. 

In some cases where a metal forms two or more oxides, 
a higher oxide, is converted into a lower oxide when 
it. is strongly heated. Thus oxygen may be obtained by 
heating lead dioxide (p. 178), red lead (p. 603), manganese 
dioxide (p. 446), or barium dioxide (p. 458). Oxides which 
show this behaviour also yield oxygen when they are heated 
with concentrated sulphuric acid, and do not as a rule give 
rise to corresponding salts. 

Many anhydrides, such as sulphuric anhydride (SO s ), nitric 
Anhydride (N./) 5 ), and chromic anhydride (Cr0 3 ), are also 
decomposed when they are heated, giving a lower oxide. All 
the oxides of nitrogen are decomposed at the temperature of 
the electric are. 

The move convenient methods for the preparation of oxygen 
in the laboratory are (1) by heating potassium chlorate in 
presence of manganese dioxide (p. 83), and (2) by heating 
bleaching powder solution in presence of cobalt oxide, which 
acts as a catalytic agent. 

In the latter method bleaching powder (p. 639) is made 
into a thin paste with water, a few drops of a solution of a 
cobalt salt are. added, and the mixture.is gradually heated in 
a flask which is provided with a delivery-tube. Oxygen is 
soon evolved, and may he collected in one of the usual ways. 
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The cobalt salt is decomposed by ih<* bleaching powder 
solution, which acts as if it contained calcium hydroxide and 
calcium chiorohypocliloritc (p. (MO), and a black precipitate 
of cobaltic hydroxide is formed, 

2Co(,\0. 1 ).> + 2(Ja(< )1 1 )., + CaCl(< )( ll ) -h US > --= 

200(011), 4 CiiCl, + 2Cn(N0 3 ) 3 ; 

this substance acts as a catalytic agent, and hastens the 
decomposition ot the calcium chlorohypochlorito, 

20a01(OCl/* 2Ca01o + O r 

The preparation of oxygen on the commercial scale is 
accompli.* lied in various ways. Brin’s process is based on 
the reversible reaction expressed by the equation, 

2Ba< 1 + 0., ^ 2 Ba( 

Barium monoxide (p. 646) is heated in iron retorts, and 
air, carefully purified from moisture and carbon dioxide, is 
pumped into the retorts, whereby the pressure, and therefore 
the concmt ration (p. 35b), of the atmospheric oxygen is 
increased. The oxygen is then absorbed, with formation of 
barium dioxides, and the nitrogen escapes through suitable 
valves. As soon as the monoxide has been thus transformed 
into the dioxide, the gas in the retorts is pumped out, where-** 
upon the barium dioxide begins to decompose into barium 
monoxide and oxygen, because the conr ent rat ion of the oxygen 
is diminished. The liberated oxygen is removed as fast as 
it is formed, and is pumped into iron cylinders; by thus 
keeping down the pressure (concentration) of the oxygen, the 
decomposition continues (2Ba() a — * 2Ba() + 0. 2 ) until most of 
the dioxide is changed, although the temperature is the same 
as that at which the reverse action occurred under the 
greater pressure (concentration). The gas so obtained con- 
tains about 98 per cent, of oxygen. 

Another method of obtaining oxygen from the. air is 
described later (p, 602). 

The “xideti (p. 85) are substances of such importance that 



The oxygen eamily. 


459 


a few general statements regarding their methods of formation, 
properties, and classification may be given here even at the 
risk of repetition. 

Most elements form one or more oxides ; the more notable 
exceptions are fluorine, bromine, and the members of the 
argon family (p. G81). -Nearly all those .elements which 
form oxides do so when they are heated in oxygen (the more 
important exceptions being silver, gold, and platinum), but 
the usual methods of preparing metallic oxides are (1) by 
heating hydroxides (p. 250), (2) by heating nitrates (p. 242), 
and (3) by heating carbonates (p. 276). 

Many oxides undergo double decomposition with acids, 
giving the corresponding salt (p. 284) and water. Such 
oxides are called basic oxides (p. 254), and an element which 
forms at least one basic oxide is classed as a metal (p. 255). 
Some oxides unite directly with water, forming hydroxides 
(p. 250) , this behaviom is shown by most anhydrides, hut 
by only a relatively small number of the basic oxides, namely, 
principally hv those of the alkali metals (p. 666) and the 
metals of the alkali earths (p. 637). An anhydride is an 
oxide which combines with water to form an acid, and any 
element which gives anhydrides or acid-forming oxides only 
\s classed as a non-metal. 

When a metal forms several oxides one or more of tin; 
higher oxides may he anhydrides, as, for example, in the case 
of manganese (p. 451) and of chromium (p. 505). 

Some oxides cannot he classed cither as basic oxides or 
as anhydrides. Barium dioxide, Ba<).>, for example, does not 
give rise to corresponding salts ; it reacts with acids giving 
salts which are derived from barium monoxide, UaO. Such 
oxides are classed as /taste /mosaics. A few oxides, such as 
* Mn 3 0 4 , l 3 b.,0 4 , do not fall into any of tin* classes already 
mentioned, and may he regarded as salts (compare pp. 447, 
603). Nitric oxide, NO, ami a fev* other oxides do not 
correspond with any of these classes. 

The Valency of Oxygen . — In nearly all its compounds 
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oxygen seems to he bivalent ; there are, however, a few 
compounds the behaviour of which is best explained on the 
assumption that they contain quadrivalent oxygen.* 

The l? nit, of Atomic, II 'ehjlit. — Although in beginning the 
study of chemistry it is more convenient to express the 
relative weights of the atoms of the different elements in 
terms of that of an atom of hydrogen, which is taken as 
unity, it makes, of course, no difference to the relative values 
of the atomic weights what particular standard is chosen. 
Now when the weight of ail atom of hydrogen is taken as 
unity, the atomic weight of oxygen is 15 88; if, however, 
tin* atomic weight of oxygen is put - J 6, although that of 
hydrogen then becomes 1'008, the atomic weights of many 
of tin* (dements approximate nune closely to whole numbers 
than when that of hydrogen is taken = 1. 

Thus when 0—16 sonic of the values are, 

H O C N Na 8 Cl Ca Ag 
1-008 16 12-00 14 01 2.3*00 32*07 35*46 40*09 107*88; 
but when II = 1 the values are, 

H O C N Na H Cl Ca Ag 
1 15*88 11-9 13-9 22*88 31 82 35*18 39*7 107*1. 

There is another reason why it is perhaps better to take 
0 — 16 as the standard, namely, that the equivalents, and 
therefore the atomic weights (p. 198), of many elements are 
determined from analyses of their oxides ; that is to say, the 
atomic weights are based directly oh the oxygen standard. 
In order to express the atomic weights thus determined on 
the basis of 11 = 1, it is necessary to know the ratio II : O. 
This ratio, according to the most trustworthy determinations, 
is 1 : 1 5’88 ; but if further more accurate determinations were 
to give a different ratio, it would then be necessary to re- 
calculate and alter the atomic weights of the other elements. 
In tin. table (p. 201) the atomic weights are given oil the 

* Compare hydrogen peroxide (p. 475). The host-known compounds in 
Mhioh oxygen seems to he quadrivalent art; certain carbon compounds 
wuicli can .ot be described heic. 
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basis H = l, but in the table given later (on last page) the 
standard is 0 = 16, and all the atomic weights in this volume 
(Part IT.) refer to this standard. 

When all the atomic weights are thus increased, the 
volume at N.T. P. occupied by the gram-molecule of a gas is, 
of course, also greater than, before, and instead of 22*25 litres 

(p. 197) it is 22-25 x = 22-4 litres. 

Ozone, O s . 

It has long been known that some substance having a very 
penetrating and characteristic smell is produced when electric 
sparks pass through air ; hut the matter was first carefully 
investigated in 1840 by Schdnboin, who named this substance 
ozone and studied many of its properties. It was proved 
later by Andrews and Tait that ozone consists of the element 
oxygen. 

A simple way of preparing ozone is to pass the silent 
discharge (p. 300) through pure dry oxygen, and many forms 
of apparatus have been devised suitable for this purpose. 
One of the more recent ones is shown in fig. 100 (p. 463). 

This apparatus is made entirely of glass. It consists of 
the tube (a, a), which is closed below, and which contains 
sulphuric acid ; this tube is concentrically placed in the 
wider tube (/>), into which it- is scaled at the to]). The outer 
cylindrical jacket, (r) also contains sulphuric acid. Pure dry 
oxygen is passed into the tube (h) through the tap (d), ami 
its escape through the U-tube being prevented by the sul- 
phuric acid seal, it passes upwards, as indicated by the 
arrows, between the two concentric glass surfaces, which are 
in contact with the sulphuric acid. The platinum terminals 
(e, e) pass through the rubber stopper and the glass jacket 
(c), respectively, into the sulphuric acid, and are connected 
with the terminals of a Khumkortf’s cqil ; the silent discharge 
may thus be passed through the oxygen which is flowing 
between the two concentric glass surfaces. 
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In a few moments after the discharge lias been started 
the characteristic odour of ozone is noticeable, and it can be 
shown that the oxygen escaping from the outlet (/) con- 
tains sonic substance which is much more active than 
oxygen. 

Thus when a* piece of paper which has been dipped in 
starch paste containing a little potassium iodide is held near 
the outlet tube the paper immediately becomes blue ; ozone 
liberates iodine from potassium iodide,* and //re iodine gives 
a blue, colour with starch (p. 415). When a paper coated 
with a thin layer of (black) lead sulphide, PhS, is held near 
the nutlet-tube the paper becomes white, because the lead 
sulphide is oxidised to le.nl sulphate, l*bS() 4 . When the gas 
is passed through a dilute solution of ‘indigo* f the hluo 
colour gradually disappears, because the ‘ indigo * is oxidised 
to some colourless substance. Oxygen does not give any of 
these reactions. The tests so far described are not charac- 
teristic of ozone, as there are certain other substances which 
behave like ozone under the above conditions so far as the 
oJntenu'tl results are, concerned. 

One property of ozone, however, serves to distinguish it 
from all other substances ; it produces a black film on a clean 
bright surface of silver, owing to the formation of silver 
peroxide. Unfortunately the test is not a very delicate 
one. 

In order to show this reaction a piece of silver foil is 
very carefully cleaned by rubbing it with well-washed sand, 
and is then heated in a llunsendlame for a few moments; 

* The reaction which occurs here is a very complex one, but one result 
may be expressed hy the equation, * 

2K1 + O a + H a O- 2KOH + 1* + O*. 

Although iodine is acted on hy potassium hydroxide, giving potassium 
iodide and liypoiodite (p. 430), iodine is liberated from n neutral solution of 
potassium iorlide by ozone, possibly owing to the oxidation of the potassium 
hydroxide to a peroxide. 

r Prepared by dissolving indigo in concentrated sulphuric auid and then 
diluting w?th water. * 
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while still hot, the foil is held close, to the outlet of the 


ozonise] 1 . 

Silver perfectly free 
from silver oxide does 
not show this reaction. 
Silver does not oxidise 
to any appreciable ex- 
tent win ‘ii it is heated 
in the air or in oxygon, 
and silver oxide is roadily 
decomposed when it is 
heated alone ; nevertheless 
it seems that a minute 
trace, of silver oxide is 
formed when the metal 
is heated in the air, and 
that this minute trace is 
required for the ozone 
reaction. 

Another characteristic 
test for ozone is its 
behaviour towards mer- 
cury. When very care- 
fully purified mercury is 
exposed to ozonised oxy- 
gen, say, in a test- tube, 
it loses its mobility to 
some extent and adheres 
to the glass surface, owing 
doubtless to the formation 
of an extremely thin film 
of oxide. 



The stream of ozonised 
oxygen issuing from the 


Fig. 100. 


ozoniser immediately ceases to give all the above re- 


action** when a small gluss tube is attached to the outlet- 
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tube (/)* and the gas passing through this tube is gently 
boated with a JJunscn-burner. < )zone is rapidly and completely 
converted into oxygen at temperatures above about 250”. t 
Ozone i:, also decomposed by vegetable matter, such as cork 
.and india-rubber (which it oxidises), so that these materials 
must not be used in any part of an ozoniser which is exposed 
to the gas. Ozone is completely absorbed by oil of turpentine 
(p. 125) and by many other carbon compounds. 

When ozonised oxygen is led through a glass tube which is 
cooled to —181” the ozone condenses to a very deep- blue 
liquid of boiling-point -119”, and only a little oxygen 
liqueties with it; the pure ozone, which may be obtained by 
the fractional distillation or evaporation (p. 32) of this liquid, 
is to a great extent converted into oxygen when it reaches 
the ordinary temperature of a room. 

Since ozone is produced from oxygen, and is converted into 
oxygen when it is heated, it must consist entirely of oxygen 
matter. Now these two gases cannot diller from one another, 
as may two solids, in the arrangement of their molecules 
(compare p. 214), so the difference between them must 
he due to some difference in the nature of their molecules. 
Therefore, since oxygen molecules consist of two atoms 
(p. 199), those of ozone might consist of one, three, four, or 
more. Tn order to establish the relation between oxygen and 
ozone it is necessary to find the molecular weight of ozone 
from its density; but as pure ozone is not stable at ordinary 
temperatures, the experiments must bo made with ozonised 
oxygen in which the proportion of ozone is determined after- 
words by absorption with turpentine. 

^or this purpose a large glass globe full of oxygen is care- 
fully weighed ; it is then filled with ozonised oxygen under 

* The connection is made by means of a pierced cork which has been 
coated with paraffin wax. 

t Ozone is also decomposed when it is ‘sparked’ (p. 298), and the 
platinum terminals (*/, .</, fig. dOO) may be used to show this decomposition. 
,1’ne taps of tin* tub-s (</) and (/) being closed, an increase in voluino is 
oWrved on ‘ sparking.’ 
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the same conditions of temperature and pressure and weighed 
again. After this second weighing the globe is cooled and the 
tap is opened under turpentine, some of which is then drawn 
into the globe. After the tap has been closed, and*the turpen- 
tine shaken with the gas for some time, the tap is again opened 
under turpentine and the globe is left to .regain its original 
temperature. The total volume of the turpentine which is 
then contained in the globe is measured, and this volume is 
equal to that of the ozone which has been absorbed. From 
these data the weight of this volume of ozone may be calcu- 
lated, and the density of the gas is thus found to be 24. 


Example . — Weight of globe full of oxygen, 52*8540 g. Weight 
of globe full of ozonised oxygen, 52*9125 g. Volume of ozone 
(collected to N.T.P.), 80 c.c. Hence 80 c.c. of ozone weigli 
52*9125 -52*8540=0*0585 g. the weight of 80 c.c. of oxygen 


(which 


SO 

is 1 ’ 43x r^6 =0 ‘ 1144 fr) - 


Since 80 c.c. of ozone weigh 


0*1729 g., 

-'—=24. 

0-09 


1000 c.c. weigh 2 16 g., and the density, therefore, is 


The density of ozone may also he determined indirectly, hut not 
accurately, in the following manner: A small, sealed, thin-walled 
tube containing turpentine is suspended in the ozoniser (tig. 100, 
p. 463) in such a way that it can he broken by rotating the inner 
tube (tf).* The ozoniser is then filled with dry oxygen at atmo- 
spheric temperature and pressure, and the taps (d and f) are closed. 
The discharge is then passed for some time, the apparatus is allowed 
to cool, and the contraction of the gas is measured by noting the 
movement of the sulphuric acid in the U-tube. Let this contrac- 
tion he x c.c. 

The hull) containing the turpentine is then broken, and after the 
absorption of the ozone is complete the contraction due to this 
absorption is measured. This is found to be 2x c.c. Therefore the 
volume of oxygen which has disappeared is 3#c.c., and this volume 
of oxygen gave 2x c.e. of ozone. As three volumes of oxygen of 
density 16 give two volumes of ozone, the density of ozone is 24. 

The density of ozone being 24, ifcs*molecular weight is 48 ; 

* In ozonisers used for this purpose the tube (a, a) is ground, and not 
sealed, into the outer tube (6). 

Inorg. 2 D 
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the, molecule of ozone, therefore, consists of 3 atoms of oxygen, 
mill is represented by 0. { . Tin's conclusion is confirmed hy 
measurements of the rate of diffusion (p. Hitf) of ozone con- 
tained in ozonised oxygen. 

The relation between the two gases, therefore, is expressed 
by the equation, • 

30- 2 20 3 

3 vols. 2 vols. 

The change from left to right is an endothermic reaction, and 
the energy required to bring it about is supplied in the 
ozoniscr in the form of electrical energy.* 

Since ozone differs from oxygen iu chemical properties and 
yet is made of the same form of matter, it is sometimes termed 
an alio tropic form of oxygen (pp. 215, 47 ( J) ; it is also referred 
to as ‘ active oxygon/ 

Ozone shows three distinct types of reactions. (1) It 
combines directly ^ith, and therefore is absorbed by, many 
carbon compounds, such as turpentine and other imsaturnted 
substances. (2) It oxidises many substances and at the same 
time gives free oxygen, as, for example, in the case of lead 
sulphide, 

PbS + K> 3 = 1M>S0 4 + 40 2 . 

(3) It decomposes in presence, of many substances, such as 
platinum black (p. 712), lead dioxide, and manganese dioxide, 
and is completely converted into oxygen, the substances in 
question acting as catalytic agents. 

Ozone is produced, together with hydrogen peroxide, iu 
many reactions in which moist gaseous oxygen takes part 
(p.477). 

* In the ozoniscr described above the conditions are such that equilibrium 
is established when the percentage of ozone in the product [ozonised oxitfjut) 
is not more than about 3 to K per cent Ozonised oxygen containing as 
much as 23 per cent, by weight of ozone can be obtained by the. electrolysis 
of diluted sulphuric acid of specific gravity less than 1*22, using electrodes 
of' which only an extremely small surface is exposed to the solution. 
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Water, H..O. 

The synthesis of water by Cavendish (j>. 105), its decom- 
position by Lavoisier (]>. 106), its quantitative analysis by 
weight (]). 110), and its quantitative analysis by volume 
(p. 188) have already been described. 

More recently the composition of water by weight has 
been very carefully determined by Morloy, by burning 
weighed quantities of pure hydrogen in weighed quantities 
of pure oxygen and weighing the water thus formed. His 
results gave the. ratio, H : ( ) — 2 : 1 5*88 by weight and 2*0027 : 1 
by volume. 

The high boiling-point of water compared with that of 
hydrogen sulphide, and many other properties of water 
which are of an apparently abnormal lcind, are. accounted 
for by the. fact that tlie molecules of (liquid) water are 
associated to form complexes (ll y O)„., where n — 2 or 3. 

"When any ordinary sample of water is distilled, the dis- 
tillate contains traces of dissolved gases, such as carbon 
dioxide, ammonia, and oxygen, because, although these 
gases are expelled when the water is boiled, they dissolve 
again in the condensed steam. Further, when distilled 
water comes into contact with ordinary glass apparatus, it, 
lias an appreciable solvent action on the silicates contained 
in the glass (p. 293), and ‘becomes contaminated with traces 
of alkali hydroxides and salts. The. impurities which are 
thus taken up may be present in such minute quantities 
that it is almost impossible to detect them by chemical 
examination, but even when this is the case their presence 
increases in a very marked manner the electrical conductivity 
of the sample. 

Pure water, practically speaking, is a non-conductor ; the 
presence of impurity and some idea of its quantity is there- 
fore most easily ascertained by im*\suring the conductivity 
of the sample. 

, In order to obtain water of a very high degree of purity, 
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it is? distilled in a vessel made of copper or of tin-plate 
(p. fiSS), using condensers of tin and a receiver of the same 
metal or ol' best Jena glass. The lirst portions of the water 
are neglected, and tlio apparatus is so constmcted that the 
pure distilled water (‘conductivity water’) is cut off from 
direct communication with the atmosphere — a matter of 
great importance. 

It has already been noted that many oxides combine 
directly with water, forming hydroxides. In the case of 
those metallic oxides which do not unite with water directly, 
the corresponding hydroxides may generally ho obtained by 
treating a salt of the metal with sodium hydroxide in 
aqueous solution, 

M nCl, + 2XaOH - Mn(f >11), + 2NaCl 

CuK < )] KJNaOTI -Cu(( )!!).“+ Na 2 S() 4 . 

Some hydroxides (e.g. silver hydroxide) are so unstable that 
when prepared by this method they immediately decompose, 
giving water and the oxide, so that, although they may in 
some cases exist in aqueous solution, they cannot he isolated. 

Theoretical! y, however, for every oxide there may exist 
a corresponding hydroxide, which can he formed by the 
direct union of the molecules of the oxide with those of 
the water. This union is rendered possible by a rearrange- 
ment of the atoms of both the molecules. Every atom of 
oxygon in the oxide is assumed to he combined to the other 
element h t v both its hooks or “bonds (p. 331) ; hut this 
arrangement may be altered in sucli a way that the two 
elements remain united by only one hook or bond of each, 
leaving free for other combinations one hook of the oxygen 
atom and one of the other element. When, therefore, an 
oxide unites with water, the grouping X = 0 becomes 

transiently X< , and the latter combines with a hydrogen 
atom and a hydroxyl-group from the water molecule to 
fotm the hydroxide X<!^ JL 
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In this way there are formed twice as many hydroxyl- 
groups as there are atoms of oxygen in the original oxide. 

Now when the. oxide is that of an element of even valency, 
one molecule of tlie hydroxide is formed from every molecule 
of the oxide, as, for exam phi, 


Cii:<> + 71 2 0 = Ca(()il) 2 + ‘211,0 = C(01I) 4 * 

When, however, the oxide is that of an element of odd 
valency, it contains two atoms of the element linked together 
by oxygen, and in the combination with the water molecules 
the 4 link ’ is broken, two molecules of the hydroxide being 
formed from one of the oxide, 


Na 

Na 


>0 + 11 * 0 - 


Nu-O-H 
Na -O-Il 


Al — O 

>0 + 311,0 = 
Al — O 


A1(0H)j t 
A1(0HV 


These examples will illustrate the relation ltctween an 
oxide and the eorreti/>on<Jiny hydroxide ; the valency of the 
element is the same in both compounds and corresponds with 
the number of the univalent hydroxyl-groups. 

As the different elements vary in valency from 1 to 8, the 
following types of hydroxides are theoretically possible, 

X(OH), X(OH) 2 , X(01I),, X(OH)„ X(OH) ft , 

X(OH),., X(OII) 7 , X(()H)„. 

Further, since many elements show a variable valency, a 
given element may form two or more of the above types 
of hydroxides. Manganese, for example, may give the 
compounds, 

Mn(OH) 2 , Mii(OH) 4 , Mn(OH) 6 , Mn(()H) r 

The various hydroxides which are thus theoretically 
derived from the known oxides of an element are not 
always actually obtainable. When the number of hydroxyl- 
groups in a molecule exceeds three the theoretically possible 
hydroxide is often unstable, but in its place there may exist 


* The compound represented by this formula is not actually obtainable, 
f Aluminium oxide docs not unite directly with water. 
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a coni pound formed from it- by loss of the elements of water. 
Thus tli« hydroxide C(<)11) 4 does not exist, except possibly 
in aqueous solution, but carbonic acid is derived from it, 


C<: 


oil 

OH 

(.HI 

OH 


,011 

(J— o 4- H.,0. 

\()1I 


The hydroxide Ts (OH does not exist, except possibly iu 
aqueous solution, but nitric acid is derived from it, 

.Oil 

h-o-a^!'[[ h-o-x\° + 2ir.,o. 

OH .() 

Oil 


Similarly, tlm hydroxide S(< ) 1 1 ),. j^ivos ri«e to sulphuric 
acid, 


y01I 

H-O (HI 
H - o >s " oil 


H-O 

H-O 


\o 


+ 


1>II,0, 


on 


and the hydroxides Cl(OH) 7 and Mn(OH) 7 give rise to 
perchloric and permanganic acids respectively, 

✓ O 

Cl(oil) 7 H-O-CJ o + 3H.,() 

( ) 

xO 

Mn(()TI) 7 H - 0 - M n = () + 3H t ,0. 

Vi 


All the oxygen- containing acids arc compounds of this 
type, and their displaceable hydrogen is directly combined 
with oxygen. The normal acid hydroxides, that is to say, 
those compounds in which all the oxygen atoms are united 
to hydrogen, are. often called or/7/o-ncids, while those com- 
pounds derived from ortho-acids by the loss of the elements 
of water are often called* wWfl-acids. Thus the hydroxides 
0(OH) 4 and 8i(OH) 4 an*, known as ortho carbonic and ortho- 
silicic acid respectively, while the compounds CO(OH) g and 
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SiO(OII) 2 arc called meta- carbonic and meta -silicic acid 
respectively. Unfortunately these terms aTe not used in 
a very systematic manner ; the compound PO(OH) a , for 
example, is called ortho-phosphoric acid, whereas this .name 
should he given to the unknown hydroxide, l^OH)^ from 
which ortho- phosphoric acid is derived. 

Hydrogen Peroxide, II 2 0 2 . 

Hydrogen peroxide (or hydrogen dioxide) was first ob- 
tained by Thenard (1818), who prepared it in aqueous 
solution by treating barium peroxide (dioxide) with dilute 
acids, 

Ba0 2 + 2HU1 - BaCk, + H 2 0 2 . 

By using an acid which forms an inwhibh' barium salt and 
employing the right proportions of barium peroxide and acid, 
there results a solution which, when it is filtered, contains 
only hydrogen peroxide (fool note, p. 433). Hence an aqueous 
solution of hydrogen peroxide is conveniently prepared by 
slowly adding barium peroxide to add, dilute sulphuric acid 
until the solution is just neutral, or by passing carbon dioxide 
through water containing barium peroxide in suspension, 

BaO a + H 2 S( ) 4 — BaS0 4 -+- 1 1 2 0 2 
Ba0 2 + iPCO.j - BaCO ;l + H 2 < \ r 

The solution is then filtered and evaporated at ordinary 
temperatures in a vacuum, whereupon hydrogen peroxide 
remains as a colourless, syrupy liquid. 

Ordinary commercial barium dioxide is only slowly acted on 
by dilute acids and gives poor results because the impurities 
which it contains decompose the hydrogen peroxide, on the 
solution being evaporated. As the purification of the barium 
dioxide is a troublesome task, concentrated aqueous solutions 
of hydrogen peroxide are best prepared by gradually adding 
sodium peroxide (p. 07 1) to err&s of well -cooled dilute 
sulphuric acid, 

Na 2 () 2 -f II 2 S0 4 = Ka 2 S0 4 + H 2 0 2 . 
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Although hydrogen peroxide is decomposed in aqueous 
solution by many salts, sodium sulphate does not cause its 
decomposition, and a pure, aqueous solution of the peroxide 
may be obtained from the impure solution by distillation 
under reduced pressure.* From this product the pure per- 
oxide may he isolated by further fractional distillation under 
reduced pressure. 

Hydrogen peroxide lias a neutral or faintly acid reaction 
and a bitter taste, and is poisonous; its sp. gr. is about 1*5, 
its melting-point — 2°, and it boils at 84-85° under a pressure of 
68 mm. The jmre compound does not change spontaneously, 
but in presence of even traces of many other substances it 
in ay explode violently, and this is true also in the case of 
its concentrated aqueous solutions. 

Even dilute solutions of hydrogen peroxide decompose 
when they contain free alkalis or certain salts. For this 
reason commercial solutions generally contain a little sul- 
phuric acid, which prevents them from becoming alkaline 
when they are kept in glass bottles,! and thus increases their 
stability. 

Aqueous solutions of hydrogen peroxide are also decom- 
posed and oxygen is evolved when they are treated with 
finely divided silver, platinum, and many other metals, or 
with many oxides, such as manganese dioxide, or litharge ; 
in this decomposition, which is strongly exothermic , water anil 
oxygen are formed, 

H 2 Q 2 + H 2 0 2 ~ 2H 2 0 + 0 2 , 

and the added metal or other substance is not permanently 
changed, but acts as a catalytic agent. 

The fact that hydrogen peroxide, when decomposed, gives 

I * The obiect of reducing the pressure is to lower the boiling-point, anil 
thus avoid the decomposition the peroxide. 

+ Water Jcept in a glass bottle soon becomes alkaline, owing to its solvent 
action on the components of the glass (p. 203). Hydrogen peroxide is often 
stored in buttles which are coated on the inside with paraffin wax. 
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water and oxygen only renders it possible to determine its 
composition by weight in a relatively simple manner (p. 474). 

Hydrogen peroxide is an active oxidising ageist towards 
many substances. It liberates iodine from potassium iodide 
in presence of acids* 

2III + H' a 0 2 = 211,0 + 1* ’ 

and immediately imparts a blue* colour to starch-potassium- 
iodide paper ; it oxidises lead sulphide to lead sulphate, 
sulphurous to sulphuric acid, and hydrogen sulphide to 
sulphur and water, 

PbS + 4H,(X, - Pb8< ) 4 + 4H,0 
II,80 3 + H„0, - 1I 2 S( ) 4 + IPO 
8H 2 + H 2 <) 2 : 8 + 211,0. 

It also oxidises and bleaches indigo and litmus, and many 
other substances (p. 475). 

Hydrogen peroxide also acts as a reducing agent towards 
a few substances. Thus it reduces the oxides of silver and 
of mercury to the metals, 

Ag 2 0 + 11 2 0 2 = 2 Ag + ( > 2 + H,0 
UgO + HoO, — Ilg + O, + H 2 ( ) j 

and it reduces lead dioxide to lead monoxide, 

Pb(> 2 + H 2 0 2 - PbO + O a + H 2 0. 

It also reduces potassium permanganate : in alkaline solution 
to hydrated manganese dioxide (p. 446) ; in acid solution to 
a manganous salt, 

2KMn0 4 + 5II„0 2 + 3H 2 S() 4 -= 

K 2 S0 4 + 2M nS0 4 + 8H a 0 + 50 2 . 

In these, and in all cases in which hydrogen peroxide acts 

* Oxygen is also evolved in this interaction. When a neutral solution 
of hydrogen peroxide is added to a neutral Jblution of potassium iodide 
oxygen is evolved, but there is no appreciable liberation of iodine ; never- 
theless a starch -potassium -iodide paper moistened with the solution of the 
peroxide immediately becomes blue- 
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ns a mincing agent, one molecule of oxygen is evolved for 
every molecule, of hydrogen peroxide which takes part in the 
reaction. ^ It seems, therefore, that an atom of oxygen from 
the hydrogen peroxide combines with an atom of oxygen 
from the other substance to form a molecule of oxygen, and 
in this way two substances which generally behave as oxidis- 
ing agents arc' both reduced. 

All the reactions described above may he used in testing 
for hydrogen peroxide, but they are not chantrlerialic re- 
actions; that is to say, other substances (such as ozone) give 
similar outward results. A very characteristic, and also a 
very delicate, test for hydrogen peroxide is the- following. 
The solution to he tested is acidified with a little dilute 
sulphuric acid, and placed in a bottle together with some 
ether; a drop of a solution of potassium dichromate is then 
added, and the bottle is closed with a glass stopper and 
vigorously shaken for a moment. The ether which llien 
rises to the surface of the aqueous solution is coloured a deep 
blue if hydrogen peroxide, was present, owing to the forma- 
tion of a very unstable substance (probably pcrehromic acid, 
IICrO f> ), which rapidly decomposes. 

The rotitjius/tion of pure hydrogen peroxide may he deter- 
mined by dissolving a weighed quantity of the substance in 
a little water, and then passing the solution into a eudiometer- 
tube which is tilled with mercury; on being gently heated 
the peroxide is completely decomposed, ami the weight of the 
liberated oxygen is calculated from the corrected volume of 
the gas. 

Example. — 0-1 g. of hydrogen peroxide gave 32*K c.c. of oxygen at 
N.T.P. Since ;{*2 S e.e. of oxygen weigh 0 0014*1 / 32'K- 0( >400 g., the 
hydiogen pel oxide has ghen 40 \9 per cent, of oxygen. Knowing 
that the only other product i.s v'atvr pci cent, by diileience), 

the ratio O • lI a O is deduced in the usual way, 

53*1 -f 18 = 2*95 If./). 

Y. \ » iViut. found ih:it h\ iHiruxiilv litt# lh** 
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formula HO. Its molecular weight may be determined l>y 
the cryoscopic. method, and is found to be 31 ; the molecular 
formula, therefore, is H 2 () 2 . % 

Although hydrogen peroxide is a relatively simple com- 
pound, its count it u Hon or structure has not yet been estab- 
lished quite satisfactorily; and there is some doubt as to 

whether the formula 11-0 — 0 - H or () = ()<^j| should 

be used to represent the arrangement of the atoms in the 
molecule. The readiness with which the compound decom- 
poses into water and oxygen seems to point to the second 
formula (in which one of the oxygen atoms is represented as 
being quadrivalent), hut a study of certain organic, derivatives 
of hydrogen peroxide seems to indicate that the first formula 
is the better expression. 

This question of the constitution of hydrogen peroxide 
is of some general importance, inasmuch as the consti- 
tution of barium peroxide, sodium peroxide, and otliei 
peroxides is piohably similar to that of this hydrogen 
compound. 

Hydrogen peroxide, is used commercially in bleaching deli- 
cate materials, such as silk, feathers, hair, and ivory, which 
are damaged by the application of bleaching powder. It is 
also used as an antiseptic in surgery, and in renovating oil- 
paintings. The hydrogen * sulphide present in the air of 
towns acts on the white-lead (p. GOO) and other lead com- 
pounds which are often used in oil-painting, and changes 
them into (black) lead sulphide; hydrogen peroxide restores 
the original appearance, because it oxidises the lead sulphide 
to colourless lead sulphate (p. 47.‘J). 

The (jmuifify of hydrogen peroxide, in an aqueous solution 
may be ascertained -by decomposing a known weight (or 
volume) of the solution with excess of potassium perman- 
ganate in presence of sulphuric acid, ahd then measuring the 
volume, of the oxygen which is liberated. 

It has been proved experimentally that in this reaction 
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ono-half of the liberated oxygen cornos from the hydrogen 
peroxide and the other half from the permanganate, in 
accordance with the equation, 

2KM»< ) 4 -f 31 1 jS( ) 4 + 51 I,( K -- K,S(_V 2M nK< ) 4 + 8II a O + 50 a ; 



Fig. 101. 


hence 1 gram-molecule (or 22*4 
litres at N.T.P., compare p. 461) 
of oxygen corresponds with 1 
gram - molecule of the per- 
oxide. 

The estimation is conveniently 
carried out as follows: A mea- 
sured (or weighed) quantity of 
the solution contained in the 
small tube (✓/, iig. 101) is 
placed in the bottle (ft), which 
contains an e./vvw of potas- 
sium permanganate and dilute 
sulphuric acid. The bottle 
is connected, as shown, to 
the nitrometer (r). By raising 
the reservoir (d) and opening the 
3-way tap (e) to the air, the 
graduated tube (r) is completely 
filled with the water (or mercury) 
contained in the nitrometer. 
The tap is now turned so that 
the tube (r) is cut oil* from the 
air and from the bottle (/>). The 
pinch-cock (f) is momentarily 
opened so that the air in the 
bottle may be brought to baro- 
metric pressure, the bottle and 


f the tube (r) are connected V 
tuin.ng the 3-way tap, and the reservoir (/f) is lowered. 

The solution of the peroxide is now carefully brought 
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into contact with the acidified permanganate by tilting 
the bottle (/>), and when the two liquids have boon 
thoroughly mixed the apparatus is allowed to cool. The 
reservoir (fl) is then raised until the water-levels are the 
same (as shown in the fig.), and the volume of water which 
has been displaced from the graduated nitrometer- tube (<;) 
is observed. As the gas in thi? tube is under the same 
pressure (P) and at the same temperature (t) as was the air 
at the commencement of the experiment, the volume of the 
liberated oxygen (saturated with aqueous vapour, p. 156) at 
P and t° is equal to that of the water which has been 
displaced. 

The concentration of a solution of hydrogen peroxide is often 
expressed in terms of the vohtnu' of oxygen \a hicli is liberated 
under these conditions; thus a 25-volume solution i* one which 
gives 2 5 c.c. of oxygen at N.T.P. for every 1 e.c. of solu- 
tion. As one gram-molecule (.34 g.) of hydrogen peroxide gives 
with permanganate 22 4 litre** of oxygen, a 23-volume solution 
25 

contains - x 34 g. of peroxide in 1 c.c. 

Hydrogen peroxide is formed, probably together with 
ozone, when moist phosphorus is exposed to air or oxygen ; 
also when turpentine (p. 125),* zinc, lead, and many other 
substances are exposed to molecular oxygen (O a ) in presence 
of water. In these cases it is easy to show that some oxidis- 
ing agent has been produced by testing the gas (air or oxygen) 
or water with stareh-potassium-iodide papers ; but it is often 
difficult to ascertain whether hydrogen peroxide, or ozone, 
or both, have been formed, because they may he present in 
very small quantities only. Thus it is very difficult to prove 
whether ozone, or hydrogen peroxide, or Iroth, are present in 
the atmosphere. 

Hydrogen peroxide and ozone are both formed during the 
action of molecular hydrogen on molecular oxygen, that is to 
say, when the one gas bums in the other. 

* The formation of hydrogen peroxide and of ozone during tho atmo- 
spheric oxidation of turpentine has been denied. 
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The formation of hydrogen peroxide may bo shown by 
playing the oxyh\ drogen llame on tin* surface of a solution 
of titanium dioxide in sulphuric acid, when a yellowish 
colouration is produced. This test is not given by ozone. 

The formation of ozone may be shown by playing the 
point of a hydrogen llame on the surface of a bright piece 
of silver, prepared as already described (p. 462). 

Hydrogen peroxide is produced during the electrolysis 
of dilute sulphuric acid under certain conditions (footnote, 
p. 466), and ozone is said to he formed by the action of acids 
on barium peroxide (compare hydrogen peroxide, [>. 471). 

Antujt itiation . — The formation of ozone during the oxida- 
tion of certain substances by atmospheric oxygen was at one 
time accounted for by supposing that some of the oxygen 
molecules were resolved into their atoms, and that, while 
some of these atoms oxidised tin* given substance, others 
combined with some of the oxygen molecules to form ozone. 
To such spontaneous oxidations 1 trough t about by free oxygen 
the term antnxidnUuu has been given, but the original ex- 
planation of the formation of o/orn* has been abandoned. 

During the oxidation of an autoxidisabk* substance, the 
oxidation of other substances which by themselves do not 
undergo autoxidation may he brought about ; this is possibly 
due to the formation of ozones or hydrogen peroxide, hut the 
phenomena have not yet been satisfactorily explained. 


CHAPTER XLIX. 

Sulphur and its Compounds. 

Sulphur, S s ; At. Wt. Wl. 

It used to he supposed that native*, sulphur (p. 211) had 
berm formed from volcanic gases by the, interaction of 
nythogen sulphide and sulphur dioxide (p. 289), but it is 
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now considered more probable that the naturally occurring 
cl* *] m » sits of this element have been produced by the notion 
of bacteria. Curtain organisms, the ‘sulphur bacteya,’ have 
the property of absorbing sulphur from hydrogen sulphide; 
as this gas is often formed in considerable quantities by 
the decomposition of animal or vegetable blatter in pre- 
sence of water which is rich in sulphates, it may serve as 
1 food * for tin* sulphur bacteria, and when the dead organisms 
decompose, the sulphur which they contain is left as a 
deposit. 

Although the different varieties of sulphur (rhombic, mono- 
clinic, plastic, and amorphous, pp. *JI'J-214) are often spoken 
of as allntropic forms of sulphur, it is not known whether 
the relationship between them is or is not comparable to tlmt 
between oxygen and n/.oiiu ; in the latter case it can be proved 
that the moh'ntfr >■ of the two allot ropic forms of the element 
are di Hermit, but in the case of sulphur it is not known 
whether the various varieties consist of identical molecules, 
or whether some of them have a different molecular 
complexity from others. As, however, the rhombic and 
mohneliiiie forms of sulphur are so easily changed one 
into tlie other, and an* so \eiy similar in chemical properties, 
it seems probable that their molecules are identical, but 
that these molecules are differently arranged in the two 
crystalline varieties. The term ‘ allntropic form * is thus 
often u.sed without any reference to the nature of the 
relationship between the distinguishable varieties of an 
clement. 

The va fenny of sulphur is variable. In hydrogen sulphide 
sulphur is bivalent, hut in its oxides and hydroxides 
it is either quadrivalent, or sexvalent, as indicated in the 
structural formula 1 of these, compounds which are given 
later. 

Sulphur unites with chlorine at itrdimiry temperatures, 
giving first, sulphur mnnurhforide, S.,(T„ then the diehloride % 
SCI*, and finally (in the cold) the tetrachloride , SCI 4 . The 
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monochloride is a yellow liquid (b.p. 1 ^®°)> 18 ,180( ^ in 

vulcanising iiulia-ruhhe.r ; it is decomposed by water, 

2 S 0 CL + 211,0 - s( > 2 h -41 l Cl + 3S. 

Hydkouen Sulphide, TT 2 S. 

The e.mibi nation of hydrogen and sulphur to form hydrogen 
sulphide (p. 2 1C>) is a reversible reaction, as hydrogen sulphide 
dissociates below a red heat (p. 217). The compound is 
formed in small proportions when hydrogen is passed through 
boiling sulphur, as may be easily shown by exposing a lead- 
acetate paper * to the escaping gas after the gas has been 
cooled and filtered through cotton-wool in order to free it 
from particles of sulphur. 

In preparing pure hydrogen sulphide, precipitated zinc or 
antimony sulphide (p. 220) is treated with hydrochloric acid; 
the gas is washed with water, dried with phosphorus pentoxide 
(not with sulphuric acid), and collected in a glass bulb (not 
over mercury). 

As hydrogen sulphide is used so much in analytical work, 
its reactions with various substances should he carefully noted. 
These are of two types : (</) double decompositions leading, 
as a rule, to the precipitation of an insoluble sulphide (p. 220), 
or to the formation of a soluble sulphide (p. 207); and (h) 
reactions in which hydrogen sulphide acts as a reducing 
agent. Important examples of the latter are described on 
pp. 421, 422, 452, and 507. 

A sulphur compound corresponding with hydrogen peroxide 
is not known, but a yellow oil of tin; composition II.,S r| (?) 
obtained by adding a solution of calcium polysulphide t to 
hydrochloric acid is sometimes called lujdrotjni ppntnXjthide. 

* Papers moistened with a solution of lead acetate (p. 279) an* often 
used in testing for hydrogen sulphide in gas -ous mixtures, ah they are 
turned brown or black by this gas owing to the formation of lead 
sulphide, c. 

Ph(C 2 H ;i O L ,)., 4 H 2 S =• PhS + 2< \,H 4 0 2 . 

t DUained l»y heating sulphur with milk of lime. 
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Sulphur Dioxide, Sf) 2 or O - S = O. 

Sulphur dioxide (p. 229), like hydrogen sulphide, is a very 
important reducing agio it, and examples of its action are 
given on pp. 414, 452, 482, 506, &c. 

Its (unusual) oxidising action on hydrogen’ sulphide (p. 289) 
is easily demonstrated by placing cylinders containing the two 
gases mouth to mouth ; if both gases are dry no visible action 
occurs, but on a few drops of water being added, sulphur is 
rapidly deposited on the moistened surface of the glass. 

Liquid sulphur dioxide (footnote, p. 232) boils at 8° under 
atmospheric pressure. 

Iii addition to sulphur tri oxide (p. 231), sulphur sesqui- 
oxide, 8.,( ) ;{1 and sulphur heptoxidc, S.,0 7 , are known. The 
latter is the anhydride of persulphuric acid (p. 495). 

O — TT 

Sulphurous Acid, H..SO., or 0= S<\.. TT . 

1 d O — II 

The only normal salt of sulphurous acid (p. 233) which is 
of much importance is sodium sulphite, N a.,S0 3 , which is 
prepared by passing sulphur dioxide into a solution of sodium 
carbonate until carbon dioxide ceases to be evolved, and then 
evaporating the solution out of contact with the air, 

NuJ '0 3 + II,S0 3 - Xa,S( ) 3 + C0 2 + II., O. 

It forms colourless crystals, is readily soluble in water, and 
like all sulphites is decomposed by hydrochloric or sulphuric 
acid, giving sulphur dioxide, 

Na 2 SO s + 1 1,,8( > 4 -= Na,80 4 + S0. 2 + H 2 0 ; 

consequently sodium sulphite is often used in preparing 
sulphur dioxide. 

Sodium sulphite, both in the dry state and in aqueous 
solution, combines with atmospheric oxygen, giving sodium 
sulphate. Although it is a normal salt, it r solution has an 
alkaline reaction to litmus. 

IQOI* 2 ts 
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Calci um sulphite, LaS() ;j (p. 231), is only sparingly soluble 
in water. 

Sodium hydrogen sulphite, NaHSO., (}>. 260), or sodium 
bisulphite, may be obtained in colourless crystals by passing 
sulphur dioxide in into a cold saturated solution of 

sodium carbonate, or into a. concentrated solution of sodium 
hydroxide. It oxidises on exposure to tin; air, and its solution 
acts in most respects like that of sulphurous acid. When, 
for example, sodium hydrogen sulphite is added to chlorine 
water the halogen is reduced, 

2NaHSO s + CL, + H.,U = Na.,SO ;{ + 2IIC1 + 1I.,S< > A ; 

the acids thus formed then act on the sulphite or acid 
sulphite, and sulphurous acid is liberated. Sodium hydro- 
gen sulphite is used, under the name ‘ hiMilphite-antichlor,’ for 
removing traces of i chlorine ' from materials which have been 
bleached with ‘ chlorine 1 (bleaching powdci, p 639). Unless 
the * chlorine * is completely removed, a result which is difficult, 
to attain by washing with water, the fabric nr other material 
is liable to become ‘ tender * and fall to pieces. 

Calcium hydrogen sulphite, f *a(HS( ). 4 ).„ prepared by saturat- 
ing milk of lime (p. 69) with sulphur dioxide, is used in the 
paper industry under the name of ‘ bisulphite of lime/ Like 
all acid sulphites, it. is readily soluble in water. 

When sulphur dioxide combines with water to give sul- 
phurous acid, the union probably occurs in the usual manner, 
two hydroxyl-groups being formed from — O and TL.O (p. 4GS). 
If so, the molecule of sulphurous acid would have the structure 
given above. The. behaviour of the acid also accords with 
this view of its constitution, as, for example, its formation by 
the hydrolysis of sulphurous chloride (p 4K3). 

HypoBulphuroua acid, H./y ) t , is produced when a saturated 
solution of sulphurous acid is left in contact, with zinc in the cold, 

Zn + 3lJ^SO. t ~ Zi.NO, \ ILK.,0^ 2ll, f (). 

bin. daily, a solution of the Milpliites and hyposulphites of zinc 
aund of s nlium is obtained when zinc is left in a cold solution of 
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sodium hydrogen sulphite. This solution is used in dyeing with 
indigo ; it is a very active reducing agent, and rapidly absorbs 
oxygen on exposure to tbe air. 

Sulphurous chloride or thianyl chloride , * S0C1 2 or 
0 -SCl 2 , is a colourless fuming liquid (Up. 80 J ) obtained 
by passing dry sulphur dioxide over phosphorus pentachloride, 
or by treating sulphites with phosphorus pentachloride, 

rci fJ + so 2 = 8001^ + 1 *004 

2PC1 5 + Na 2 R( ) 3 - 8< )C1 2 + 2NaCl + 21 >< )C1 3 . 

It is decomposed by cold water, giving hydrochloric and 
sulphurous acids, and is therefore the chloride of sulphurous 
acid (p. 492). 

Suli*iu:iuc Acm, 1IJS0 4 ok 

In the manufacture of sulphuric acid by tin* £ leaden chamber 
process’ (p. 287) the materials used are (1) iron pyrites, or 
zinc sulphide, or sulphur : (2) atmospheric oxygen ; (3) water ; 
and (t) a relatively small quantity of nitric acid. 

Tbe principle of the process is that sulphur dioxide, 
obtained by burning iron pyrites (pp. 221, 287), or zinc 
sulphide, or sulphur, in the air, is oxidised by atmospheric 
oxygen in presence of some oxide of nitrogen which acts 
catnlytically (pp. 233, 288).* Tins sulphur trioxide thus 
produced combines with ‘water vapour to form sulphuric 
arid. 

The apparatus shown diagram m a tically in lig. 102 consists 
of the ovens or burners (<< } a), the Glover tower (/>), the 
leaden chambers (r, #•'), of which two only are shown, and 
tin* Gay-Lussac tower (d). A steam boiler, not shown, 

* I11 a grout many processes of catalysis it is not known how the catalyst 
acts, ami the catalyst seems to remain unchanged both in 'gmntity and in 
composition during the reaction. Hence the terms catalysis and catalyst 
rather imply these conditions. Since in the preparation of sulphuric acid 
It. is known that, the oxide of nitrogen is cl#' mi rall y changed, and that a 
considerable proportion of it may at any given time he present in a com* 
bined form, it is doubtful whether or not the oxide should he spoken of 
as a catalyst. Similarly in other cases. 
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supplies steam to the pipe (e), and the required quantity of 
nitric acid is pissed into the chambers in the manner 
described below. 

c 

In the ovens (a, ft) iron pyrites, zinc sulphide, or sul- 
phur is burnt on shelves in an wess of air. The combus- 
tion of zinc sulphide* and of poor qualities of pyrites must be 
assisted by liras, but good pyrites and sulphur continue to 




burn by themselves when once ignited. The gases from the 
burners pass through Hues, in which dust is deposited, and 
then enter at the bottom of the ( Hover tower, together, 
as a rule, with nitric acid vapour. 

Tim 1 Hover tower (h) consists of a cylindrical or rect- 
angular chamber of sheet-lead Supported by a wooden 
framework) Idled will*, Hints or with very small hollow 
• ar l iwuie cylinders. Sulpliuru* acid from tin* < lay-I.ussac 
tower (it/ mid dilute acid (‘#7 unuht r nvuV ) iroin the chambers 
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are forced by air-pressure from the vessel (/) to the top of 
the (Hover tower, and after passing tl trough n distributor the 
mixture trickles down through the contents of # the tower, 
meeting the ascending hot gases from the ovens (a, a). 
The results are : (1) The sulphuric acid from the Gay-Lussac 
tower gives up the oxides of nitrogen which it has absorbed 
(see below) ; (2) the acid from the chamber is concentrated, 
and the water which it loses is returned to the chambers; 
(3) the furnace gases are cooled. In some works the nitric 
acid required in the chambers is added to the sulphuric acid 
which is run down the Glover tower, but in others a mixture 
of sodium nitrate and sulphuric acid is heated in pans placed 
near the pyrites ovens, and the sulphur dioxide passes over 
those pans, carrying the reduction products of the nitric acid 
to the Glover tower. 

The sulphur dioxide and the reduction products of the 
nitric acid, together with a large volume «»f atmospheric gases, 
enter the first chamber (*•), where they mix with steam 
from the pipes (;/, <i). Tin* gases then pa<s up the pipe 
(h) into the second, and up the pipe (//') into the third 
chandler, and enter at the bottom »f tin* Gay-Lussac tower 
('/), from the top of which they escape through a tall 
chimney into the air. 

The Gay-Lussac tower ('/), constructed like the Glover 
tower, is also provided with a distributor, from which con- 
cent ratal sulphuric acid Hows down the. tower. This acid 
absorbs oxides of nitrogen from the chamber gases (see below) 
and runs into the vessel (/), from which it is forced to the 
top of the Glover tower. In this tower it gives up the 
oxides of nitrogen. 

The chambers (#•,/•') are made of sheets of pure lead* 
melted together at their edges ; they are supported on a 

* Unless this lend is pure it is cor : o.lcd l»v the acid; hut lead which 
contains n very small proportion of antimony, mid winch is much harder 
titan pure lead, may also Ik; employed. The pure metal must Ik* used for 
the construction of the leadou evaporating- pans. 
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wooden framework, to which the walls and roof of the 
chamber arc fastened by means of strips of load. The 
capacity of a chamber is sometimes 200,000 cubic feet. 

The acid which collects at the bottom of the chambers 
contains only 00 to 70 per cent, of hydrogen sulphate, and 
for many purposes lias to ho concentrated by evaporating 
away the water. The first* stages of this concentration are 
carried out in pans lined with lead, hut as the stronger aeid 
attacks this metal, glass, or platinum, or silica vessels must 
he used in the later stages. 

The reactions which may occur in the formation of sul- 
phuric* acid have already been indicated (p. 2H7), hut other 
explanations have been suggested. 

According to Lunge, the principal reactions, after the 
nitric acid has once been reduced to nitrous acid, consist 
in the formation of mtromjlunl jthttrir aciif, with fixation of 
a ti nosj iheri e oxygen , 

2SO,+ 21IXO., + (),,- 280,(0X0)011. 
and the decomposition of this compound by water, with 
regeneration of the whole <>f the original cjuantity of nitrous 
acid, 

2SO,(O XO)OII + 211,0 - 211,80, + 2HXO,. 

In support of this view there is the fact that when the 
supply of steam is insufficient, colouilcss crystals (chamber 
crystals)* of introsylsulplmric acid are deposit ml on the walls 
of the chamber.* 

The object of tin* Gay-Lussac tower (</) is to prevent 
the valuable oxides of nitrogen from being carried away by 
the large volume of atmospheric gases leaving the chamber. 
Concentrated sulphuric acid absorbs nitrogen tetroxidc, N,0 4 
(or its dissociation product, NO,, p. .‘550), with formation of 
nitrosylsulphuric acid, 

H 2 S0 4 -} 2X< >, - S < )J< ) NO )< HI f IfX< >. t . 

* Tho reduction of nitric acid and tin- production of this crystal lino 
compound may bo easily demonstrated by passing sulphur dioxide into a 
tlask wlccL is moistened all over the inside with fuming nitric acid. 
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This com pom id dissolves in the strong acid, but when its 
solution is mixed with dilute chamber ;ioid and passed down 
the ( i lover tower, it is decomposed by the water of the dilute 
sir, id and by the sulphur dioxide, 

2S( yo-M >)< >1 1 4 - SO, 4- 21 1 2 0 = 31I 2 S0 4 4- 2NO, 

and the. liberated nitric oxide is carried back to the chamber. 

As nitric oxide is not absorbed by sulphuric acid, the gases 
escaping from the last chamber must always contain oxygen 
sufficient to convert the whole of the nitric, oxide into higher 
oxides of nitrogen, otherwise; great loss occurs. Plven under 
the most, favourable circumstances a small proportion of the 
nitre acid is finally converted into nitrous oxide or into 
nitrogen, and as these reduction products arc useless, and 
escape into the, atmosphere, the acid must be added con- 
tinuously in small ijuantities to compensate for loss. 

Commercial oil of nif riot (O.V.) made, by the above process 
has a specilic gravity of about 1*K4 at 15 c , and contains about 
93 to 90 per cent, of hydrogen sulphate. In addition to water, 
it often contains impurities such as lead sulphate, arsenious 
oxide, oxides of nitrogen, and dissolved mineral matter. The 
brown colour sometimes seen is due to the presence of charred 
vegetable matter, such as straw. 

When the commercial acid is diluted with 1 0 20 volumes 
of water, a deposit ol* lead sulphate maybe slowly formed; 
this salt is much more soluble in the strong acid (probably 
as lead hydrogen sulphate} than in the, dilute. The presence 
of arsenic, compounds may be detected by Marsh’s test 
(j>. 551) ; the presence of oxides of nitrogen, by boiling the 
diluted acid and testing the escaping aqueous vapour with a 
standi potassium-iodide paper (p. 410). 

Commercial sulphuric acid may be freed from dissolved 
mineral matter, including lead sulphate 1 , by distillation, but 
the distilled acid may still contains arsonious oxide, from 
which the (crude) a« id may be freed by adding to it a little 
barium sulphide , this substance converts the arsenious oxide 
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into the insoluble sulphide, with formation also of insoluble 
barium sulphate. 

In the manufacture of sulphuric acid by the contact proems 
(p. 232), sulphur dioxide, prepared by the methods above 
described, is combined with atmospheric oxygen in presence 
of finely divided. platinum.* This reaction only takes place 
rapidly when the mixture is heated, and is accompanied by 
a very considerable development of heat, in consequence of 
which a very high temperature may be reached unless pre- 
cautions are taken. Now, as the reaction is a reversible one, 
and sulphur trioxide is decomposed at high temperatures, 
unless the temperature is very carefully regulated the com- 
bination of the sulphur dioxide* and oxygen is very incomplete. 

The process based on these principles is carried out in the 
apparatus shown diagimnmatically in fig. 103. 

The iron cylinder (a) contains a number of tubes (I*) filled 
with platinised asbestos, which is supported at intervals by 
perforated plates. These tubes pass through the iron plates 
(c, c), and thus connect the chambers (//, d/). The cold 
mixture of sulphur dioxide and atmospheric gases, carefully 
dried with the aid of sulphuric acid, is led into the iron 
cylinder from the pipes (e, /, f/), the supply from each of 
which can be regulated by valves. The supply from (e) and 
(/) passes upwards through the spaces between the tubes (?>), 
and cools these tubes to the desired temperature. The 
ascending gaseous mixture is thus heated, so that by the time 
it enters the chamber (d) and has been mixed, if necessary, 
with cold gases entering from the pipe (*/), it has acquired 
the requisite temperature. 

At the commencement of the process the contact chamber 
is heated by means of the burners (t, z) t the products of 
combustion escaping through the flue (j ) ; but afterwards 
the chamber is maintained at a constant temperature (alxmt 
430°) in the manner just described. 

* F rt iric oxide, tlio residue obtained on roasting pyrites, is also used ai 
a catalytic agent in some works. 
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Tho sulphur trioxide, which escapes in the form of vapour 
from tho tubes (/!>) into the chamber (d'), passes through 



Fi". 108. 

the outlet (/>), ami is absorbed in concentrated sulphuric 
acid. Tiie solution thus obtained is used directly (see 
disulphuric acid, p. 493), or is continuously diluted with 
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water sufficient to form sulphuric acid by combination witli 
flic anhydride. 

The product is of a very high degree of purity, because, 
unless tile* gases are most carefully puiilied and freed from 
dust, the catalytic action of tin* platinum rapidly falls oil*. 

Sulphuric acid is used in large quantities in the manu- 
facture of nitric acid, hydrochloric acid, sulphurous acid, 
carbonic acid, sodium carbonate, superphosphate'* <j». nfiO), 
alums (p. (510), and explosives, and m the colour industry; 
in smaller quantities for a great mam other purposes.* 

Sulphuric acid dissociates when it is heated, and at 140° 
the ehaiiL™ is practically complete under atmospheric pressure, 

H, so,-* — ^so.,+ 1U ). 

At still higher temperature'* it gives sulphur dioxide, oxygen, 
and water. It sometimes acts as ail oxidising agent , tlius it 
oxidises hydrogen sulphide at oulinar> lempeiatimv*, 

H.,S0 4 +■ I1,S - SO, + 2H ,< ) -b S. 

As a rule, however, it only oxidises substances at moderately 
high temperatures, as in tin* ease of sulphur ami carbon 

( 1 »--' 31 >- 

Owing to the occurrence of thermal dissociation the 
molecular weight of sulphuric acid cannot be established by 
determining the vapour density, and owing to the occurrence 
of ionic dissociation (p. .391) the molecular weight cannot he 
determined in aqueous solution. Thai the lmdee.ulai formula 
of the acid is very probably i.s shown, however, by 

the results of vapour density determinations made with 
simple derivatives of sulphuric acid, such as sulphuryl 
chloride, SO/T„ or dimethyl sulphate, (CJJ .).,tt< ),.f 

* Sulphuric acid is used id the manufacture of so many other substances 
that the state of all tli* ■ other clii'inicril industru s of a country may he 
roughly gauged by the (pian^ity of sulphuric -mid which tint euuntry 
utilises. 

t At oid nary temperatures the molecules, 1 l.,S< * 4 , are probabl) associated 

fooiuparc w.vt 1 j , p. 4f>7), 
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'fbu Sulphate*. — Many normal sulphates have already 
been described. One of the mure important classes of 
normal salts is that known as the vitriol e-lass, which 
includes those sulphates of bivalent metals which crystal- 
lise with 711,0. Thus the salts FeKO,, 711./ ZnSO,, 
711./); MgSo p 7 1 1./), belong to this class, .ami arc isomor- 
phous (p. .T21). (upper sulphate, (’uSO t , olk/h although 
commonly known as ‘blue vitriol,’ is not a member of the 
vitriol class. 

Several types of do/thb- rvl^hut'* are known : of these, 
the, alums (p. GIG) have already been mentioned (p. *29“)). 
Another important class is that represented by b'rroutt 
avivioirimn stiff Jadr. When a solution of approximately 
equivalent quantities of ferrous sulphate and ammonium 
sulphate- is crystallised, the double salt KoSO,, (XIl 4 ),S<) p 
6IU> separates in pah* -green crystals. Many other salts 
of this tape are known, as the sulphates of zinc, magnesium, 
and some other bivalent metals rnav lake the place of the 
ferrous sulphate, and those ol potassium and some, other 
univalent metals may Lake the place of the ammonium 
sulphate in this double salt. The double salts of tins type, 
therefore., may be represented by the general formula M"SO p 
M .,SO p fill./L where M" stands for certain bivalent, metals, 
and M' for certain univalent metals cu univalent basic 
radicles (p. 2GG). 

Arid stiff Jiatfs, of which the best known arc sottium 
hijdrntjvH ml/thulc (p *2o8) ami potassium hydrogen sulphate, 
KltKOp are. decomposed at high temperatures, first giving 
di- or pyvo-sulphutes, and finally normal salts, 

£NaHS< ), -- \a. ( K,( > 7 4- 1 I,< >, Na J*J > T - Na,S< + S( ),. 

Ikirium sulphate, although insoluble in water, dissolves in 
conccntmted sulphuric acid, probably owing to the formation 
of barium htfdrotjen sidjdiah\ IlnfllKMj)., ; similarly with the 
HulpbateK of strontium, calcium, and lead. 

Chlorosulphonic acid, S0 2 C1(OI1), is formed by the com- 
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hinalion of sulphur trioxidc and dry hydrogen chloride : also 
by trailing pure sulphuric acid with one molecular proportion 
of phosphorus pen trichloride, 

i i/u \ + 1 j ci 5 - st >.,ci(< )i i) + roci. { + HC1. 

The product is purified by fractional distillation, and is 
obtained as a colourless fuming liquid (b.p. 1 ob°), which 
is decomposed by water, giving sulphuric and hydrochloric 
acids. 

Sulphuryl chloride, »S0 2 C1 2 , is formed when a mixture* of 
chlorine and sulphur dioxide is exposed to direct sunlight. 
Jt is a colourless fuming liquid (b.p. about. 70"), and is 
decomposed by water, with formation of sulphuric and hydro- 
chloric acids. 

Acid Chlorides . — Compounds such as sulphuryl chloride 
and chlorosulphonic acid, which are derived from acids hy 
the displacement of one <>r more, hydroxyl-groups hy an 
equivalent quantity of chlorine, are termed acid chlorides or 
chloranhydrides. 

Comfit utom of S?d//hnric Arid.- In order to determine the 
structure or constitution of a compound it is necessary not 
only to consider the valencies of the elements in the molecule 
of that compound, hut also to examine the chemical behaviour 
of the compound and that of as many of its derivatives as 
possible. 

Now sulphuric acid is formed hy the direct union of 
sulphur trioxidc and water. From the study of the change 
which generally occurs when an oxide unites with water 
(p. 468), it would seem that in this union the molecules of 

0 2 S : O and H 2 f) give molecules |jj, in which case 

the molecule of sulphuric acid contains two hydroxyl-groups. 
This view is confirmed hy the fact that sulphuric acid is a 
dibasic ficid, because, fr<pm the behaviour of oxygen acids as 
a class, it is concluded that their displaceable hydrogen atoms 
ar*‘ dim Hy united with oxygon. 
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The formation of sulphuric and hydrochloric acids by the 
hydrolysis of sulphury 1 chloride 1 a (l'ords further evidence in 
support of this view, since this miction cannot well ho 
explained except by assuming that it consists in t\ie simple 
displacement of each of the univalent chlorine atoms by a 
univalent hydroxyl-group. 

A study of the relation of sulphuric acid to sulphurous 
acid, disulphuric acid, and to many other compounds also 
leads to the formula 8< ) 2 (()fl) 2 . 

The question next arises, what is the valency of sulphur 
in sulphuric acid? Is the clement quadrivalent as represented 


in the formula 1^8(011 ) 2 , or sexvalent as represented in the 


formula 

answer. 

oxygen 

directly 


As there are 


This question is more difficult to 
no reasons for supposing that the 


atoms in sulphur dioxide and sulphur trioxide are 


united with one another, the structures of these 


compounds are represented bv the formula; 0-8-0 and 


^\s = 0, and not by V/S and 


< )\ , . , 

^ >S -- O respectively. 


From analogy, and because there is no evidence to the 
contrary, the two oxygen atoms, which in the molecule of 
sulphuric acid are not united with hydrogen, are represented 
as lining united to the sulphur atom only, and not to one 
another as well as to sulphur. For these ami other lessons 
it is supposed that sulphur is sexvalent in sulphuric acid, 

and that the acid has the constitution 

(> OH 

Aqueous solutions of sulphuric acid probably contain the 
molecules 0-8(011), and 8(011),,, which are produced by 
the combination of the H.,S(> 4 molecules with H.,<) and 2ll.,0 
respectively. * 

Disulphuric acid, H,S.,0 7 or is obtained in 

“ * CM J,/OH 
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an impure, state when hydrated ferrous sulphate (green vitriol) 
is heated alone (p. 39), or with silica. The salt first loses 
water and then decomposes, and finally sulphur trioxide 
volatilises. If the whole of the distillation products are 
collected together, dilute ‘oil of vitriol 7 nr sulphuric acid is 
obtained ; hut if the receiver is changed when the salt 
has heen almost completely dehydrated, the distillate, then 
collected is a strongly fuming liquid. 

The fuming product was formerly prepared at .Nordhausen, 
and thus came to be known as JSord hausen sulphuric, acid or 
fuming sulphuric acid. It is a solution of dimfphtnir arid 
in sulphuric acid. 

The changes which occur in the preparation of this inquire acid 
depend on the nature of the mateiial employed. If green \itriol 
crystals ( KeS( ) r 71J y <>) are used, the salt first loses most of its 
watei ; some of the ferrous sulphate then decomposes, giving ferric 
oxide, sulphui trioxide, and sulpfiui dioxide, 

t>FeS( 1 j - I<W V, ! SO., \ SO.,, 

and the sulphur trioxide thus formed oxidises some of the ferrous 
sulphate to a bn sic ferric sulphate, 

2FeS< >j i Si > :i - FeJ >(SO,) a + S( K. 

The basic ferric sulphate in the later stages decomposes, giving 
ferric oxide and sulphui trioxide, 

Fe,0(SO,)., ^Ke,0,-fi>S< ),. 

In practice the green \itriol is generally first toasted in tin; air 
fit a low teinpeiatiire ; it then loses most of its water, and is 
oxidised to a basic funic sulphate, KeJ >(S( > 4 p or ‘2SO t 

(known as vifiiol atone), which deconi)»oses into feiric oxide und 
sulphui trioxide when it is submitted t,o destiuctive distillation. 
A portion of the sulphur trioxide combines with water fiom the 
original material to form sulphui ic acid, which dissolves the 
remainder of the trioxide. The residue of ferric oxide i* sold as 
‘ rouge,' or Venetian rr«L 

Jhsulphuric acid may he obtained in colourless crystals 
frn.p. ) by dissolving sulphur trioxide (obtained by the, con- 
tact process) in sulphuric acid, and then cooling the solution. 
It m i, he regarded as an mdujdridr of sulphuric arid, 

21 LSI > 4 = H,s,o 7 + 1L(;, 

•HL 
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xml is often called nnhy/l rnsuJ phttrir, and. As its salts are. 
Formed l»y heating acid sulphates (p. 491), it is also known 
is pyrowlphnric ac.hL 

Disulphuric acid and its salts combine with water, the acid 
giving sulphmie acid, and the. salts acid sulphates. The acid 
s used in the colour industry. 

Potassium persulphate, K 2 .S./) 81 is deposited in crystals 
when a saturated solution of potassium hydrogen sulphate is 
uibinit.lcd to electrolysis under suitable conditions. Tin*. 
Formation of this salt is due to secondary reactions. The 
primary products of electrolysis are atoms of potassium and 

mivalcnt radicles, ^ Tf : but when the latter are 

O' <> II 

liberated at the anode they unite to form persulphuric acid, 


:> x o o 

)'()-}{ Iio 


•S , and this acid then reacts with 
( ) 


■mine of' the potassium hydrogen sulphate to form the spai- 
ingly Hobiblc potassium salt. The same salt is formed when 
x solution of potassium sulphate is used, and similarly mhHuih 
oc/'.s wtjilnt/r and tumimniinn pcr<ulphufr are obtained by the 
•lectrolysis of solutions of the corres ponding sulphates. 

The persulphate* decompose when they are gently heated, 
giving disulphates and oxygen, 

2 Iv,K.,< > H = 2K,S.,< ) 7 + 0 3 ; 


xnd in aqueous solution they are active oxidising agents, as 
siliey decompose readily, liberating oxygen (and ozone), 


2X « \ + 211 .,( > - 2Xa,S< ) 4 + 2H,S< 

lVrsulphuric acid (or perd/sulplniric acid) is formed when 
pure hydrogen dioxide is carefully added to sulphur trioxide 
[II., < >., 4- 2So ; , ■=■ H*S.,O k ), (faro’s aeid being produced as an 
intermediate product. 

Perwo/msulphuric acid (Cain’s acid) is a monobasic acid, 

, . ■ • <>*.-, t » - II 

if the constitution .. 

{)/ O — — U. 
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It is formed when pure sulphuric acid is treated with pure 
hydrogen peroxide, 

ii 2 st > 4 + 1 l,< k - 1 1 ,,s< ). + 1 r,o, 

but is best prepared by adding pure hydrogen peroxide to 
well-cooled chlorosulphonie acid ; it forms colourless crystals 
and melts at abimt 45'. A mixture made from sulphuric 
acid .and a persulphate or a peroxide, is known as Caro's 
reagent , and is used as an oxidising agent. 


TmosuLPiiriuc Acin, II.S.,0., on SO k> < . 

“ hJl 

The name thiosul pluirie arid, now given to an acid formerly 
called hyposulphu rous acid, signifies sulphur sulphuric acid 
(Greek, thrion — sulphur), and was chosen because theoretically 
thiusulphuric acid is derived from sulphuric acid by displacing 
one atom of oxygen by one atom of sulphur. 

The sodium salt of this acid is formed when a solution of 
sodium sulphite is boiled with excess of sulphur, just as 
sodium sulphate is produced when the sulphite is exposed 
to oxygen, 

N;i j S0 3 + S---Nii j S 2 () 3 ; 

when the filtered solution is concentrated and cooled, hydrated 
sodium thiosulphate, NaJ\,( fdU ), is deposited in crystals. 

Sodium thiosulphate is also formed when sulphur dioxide 
is passed into a solution of sodium sulphide, and when a 
solution of sodium polysulphide is exposed to the air. In 
the former ease sodium sulphite and hydrogen sulphide are 
first formed, 

Na.S + 1I,S( > s Na,SO s + H.,S, 

and the hydrogen sulphide is then decomposed by more 
sulphur dioxide, giving water and sulphur; the thiosulphate 
is then produced by the reaction given above. When sodium 
polysulphide is exposed to the air, the final results may be 
expressed by the equation, 

2A T a ^ 30. - wNa^S.i ) 3 + 6S, 
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Sodium thiosulphate is very readily soluble in hot water, 
a ml its aqueous solutions show the phenomenon of super- 
saturation (p. ,‘11 2) in a striking manner. A hot, nearly 
saturated solution which has been cooled to ordinary tempera- 
tures, the usual j>recautions having been taken, immediately 
begins to crystallise when it is seeded, ‘and the process 
continues until most of the solution is changed into a mass 
of the hydrated salt. 

Solutions of sodium thiosulphate and of iodine react very 
readily, with formation of sodium iodide and sodium tetra- 
thiunate (p. 498), 

2Na 2 S 2 0 3 4- I 2 ~ 2NaT + Na 2 S 4 0 6 . 

This reaction is an important one, as it is used in the labora- 
tory for estimating the quantity of iodine in a solution. 

For this purpose a standard solution of sodium thiosulphate 

N 

(a yq solution contains ^ gram-molecule per litre, because 

1 molecule Na 2 S 2 0 8 = 1 atom of iodine) is run from a burette 

into the solution of iodine, which lias been previously mixed 
with a little starch solution ; the end point is reached 
when the deep-blue colour of tlie solution (p. 415) just 
disappears. 

Many of those substances which oxidise hydrogen iodide 
(p. 423) may be estimated with the aid of thiosulphate ; 
thus the percentage of chlorine in a sample of chlorine water 
may be determined by adding a weighed or measured quantity 
of the liquid to a solution of excess of potassium iodide, and 
then estimating the liberated iodine as described above. 

The quantity of manganese dioxide, lead dioxide, red-lead, 
potassium chromate, potassium dichromate, <fcc. in samples 
of the impure materials may also be estimated with the aid 
of sodium thiosulphate. The sample is heated with excess 
of hydrochloric acid, and the evolved 'chlorine is passed into 
a solution of potassium iodide ; if the sample is soluble in 
water, it is merely added to excess of an acidified solution of 

In rg. 2 F 
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potassium iodide. The liberated iodine is then titrated with 
sodium thiosulphate. 

The action of chlorine (and of bromine) on a solution of 
sodium thiosulphate is very different from that of iodine, and 
may he expressed by the equation, 

Na a S 2 (\ + 4 C 1, 4 5 H/> - 2 Nal TS( > , + KlIOl. 

Sodium thiosulphate is used as an ‘uniirhlor' (p. 482 ) for 
removing ‘0111014110.’ from bleached fabrics. 

Solutions of sodium thiosulphate give with silver chloride, 
bromide, or iodide the soluble salt, sodium silver thiosulphate, 
and the sodium salt of the halogen acid, 

K a 2 S 2 < > 3 4- AgCl - XaAgS 2 () 3 4 - NaCl. 

Owing to this fact sodium thiosulphate is used in photo- 
graphy (under the name of ‘hypo’) in the fixing process, that 
is to say, in dissolving the unchanged silver halide, and leaving 
the insoluble substance which has been formed from it by the 
action of light. 

When an acid is added to a solution of any thiosulphate, 
sulphur dioxide is evolved, and after a short time a pre- 
cipitate of sulphur is formed, lieeause when thiosulphuric 
acid is liberated from its salts it undergoes decomposition 
spontaneously, 

1WV ro 2 +r + h 8 o. 

This behaviour serves for the. detection of thiosulphates. 

Potassium thiosulphate resembles the sodium wilt. 
Barium thiosulphate, BaS./> 3 , is only sparingly sol 11 hie m 
water. 

Thiovic Acids. — Tetrathionic acid, HO-SO./S'S-SO./OH, is ob- 
tained in the form of its sodium wilt when sodium thiosulphate w 
treated with iodine in aqueous solution (see above), the barium 
salt, prepared in a similai manner fiom barium thiosulphate, may 
he obtained free from barium iodide, by fractional crystallisation 
from aq alcohol, and from this salt a solution of tetra- 

thionic acid may then l>e produced (footnote, p. 483 ). Tetrathionic 
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aci«l is a colourless liquid ; it easily decomposes, giving sulphuiic 
ind sulphurous acids, together with sulphur. 

Seveial other ‘ tli ionic * acids are known in the form of their 
salts. Dithionic acid, Il s X s O A , foi example, is obtained, as man- 
ganese dithionate, liy passing sul])hur dioxide into water which 
mtains hydrated manganese dioxide (p 4 Hi) in suspension. The 
reaction is doubtless a complex one, ami the formation of the 
manganese dithionate is probably the result of a reduction of 
nanpanic sulphate, :is shown by the paitial equation, 

Mii,(S() 4 ) :i - MnS s O rt i-MiiHOj,4 30 

Manganese dithionate is also formed in small quantities when 
potassium permanganate m reduced with sulphurous acid in the 
cold. 

Selenium, Kc.^?;, at. wt. 79*2, occurs in very small quantities 
in some samples of native sulphur, and also (in tin* place of 
sulphur) in some samples of iron pyiitos. It was discovered 
>y Jler/eluis in a deposit irom some sulphuric acid chambers, 
and is known in two oi three rdlotropio forms. One of these 
is a red amorphous solid (sp. or 4 '2b) obtained In reducing 
a cold solution of selenious acid with sulphurous acid; this 
form is soluble, in carbon disulphide (from which it separates 
in red crystals), hut when it is heated at about 120° it is 
quickly transformed into a gray crystalline modification 
(metallic wlenium) of sp. gr. 1*8, which is insoluble in 
carbon disulphide. Metallic s< Ionium melts at 217°; it is 
a conductor of i lectriehy, and h* conductivity is greater in 
the light than in the dark. 

Hydrogen selenide, IL.Se, is obtained as a gas when ferrous 
selenide, is (rented with concentrated hydrochloric acid; it 
is very similar to hydrogen sulphide, hut is more readily 
soluble in water and has a moie offensive smell than the 
sulphide. 

Selenium dioxide, KeO.,, is formed when selenium is burnt 
in the air ; it is crystalline, sublimes when heated, and com- 
bines with water to form selenious acid. 

Selenious acid, ll.jSeO.^, is crystalline; it is easily reduced 
to solonium in .upicous solution, and is oxidised by chloripe 
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or bromine, giving selenic acid, H.,So0 4 (rn.p. 58°). When 
selenic acid is healed with hydrochloric acid it is reduced to 
selenious acj.d, and when heated alone it is decomposed into 
water, oxygen, and selenium dioxide. The anhydride , Se(_) 3 , 
is unknown. 

Tellurium, To.,, at. wt. 127T>, occurs in the free state, and 
in comln'nation witli gold and silver; it was discovered bv 
Muller von Reioheiistein, and is known in an amorphous and 
in a crystalline modification. The former, a black powder of 
sp. gr. 6*0, is obtained by reducing tellurious acid with 
sulphurous acid ; the latter, a silvery substance of sp. gr. 
6*2 and m p. 452 , is obtained by melting the amorphous 
modification and then cooling the liquid. 

Hydrogen telluride, Il./Te, tellurium dioxide, Te( ).,, and 
tellurious acid, H,Te<> ;} , maybe prepared by methods similar 
to those used in obtaining the corresponding selenium com- 
pounds, which they resemble respectively in properties. 

Telluric acid, TL/1V0 4 , is obtained in the form of its potassium 
salt by fusing tellurium or its dioxide with potassium nitrate. 
The anhydride, TeO.,, is obtained as a yellow solid by heating 
the acid ; it is insoluble in water. 


The Relationship of the Elements of the Oxyokn 
Sun- family. 

In this subfamily, which comprises oxygen, sulphur, 
selenium, and tellurium, tin* relationship is on the whole 
similar to that in tin* halogen sub family. 

The physical properties show a gradual change with increas- 
ing atomic weight, as indicated by the following data: 

Oxrcvri. Snlplmr. HHmiinm. Tnlltiriuni. 

M.p. . . -230* +114'’ f-217 0 4 452° 

Rp- * • -181° . 4 448° 4 680° red heat. 

With regard to chemical properties, the matter is to 
some ex* cut confused by the fact that the more important 
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compounds of sulphur, selenium, and tellurium are those 
which they form with oxygen, and which therefore cannot 
be compared with any corresponding derivatives of that, 
element. 

Oxygen, indeed, in some respects, occupies a unit pie 
position in the sub family, and its properties differ from those 
of the other members, just as' those of thimine differ from 
those of’ the other three halogens. Thus the hydride of 
oxygen, H 3 (), is a liquid at ordinary temperatures (p. 467) 
and is not acidic, whereas hydrogen sulphide is a gas and 
has distinctly acid properties. Nevertheless the relation- 
ship between oxygen and sulphur is clearly shown by the 
fact that with nearly all the metals these two elements 
yield compounds of the same typo, while corresponding 
oxides and sulphides are on the whole very similar in pro- 
perties. The relationship is even m or' strikingly illustrated 
by a comparison of some of the mote complex derivatives 
of these two elements, as, for exam] tie, the arsenit.es and 
thiuarsenitos, the arsenates and tlnoarsenatcs (p. 567), and 
so on. 

The relationship between sulphur, selenium, and tellurium 
is perhaps even closer than that between oxygen and sulphur. 
These, three elements form compounds of the same type, and 
in any set of corresponding compounds, while the chemical 
properties are very much tin* same, both the physical and 
the chemical properties show a graded change in passing from 
sulphur to tellurium. Thus all three elements combine with 
hydrogen to form compounds in which they are bivalent. 
These hydrides are, all gaseous and show acidic properties, 
which become weaker as the molecular weight, increases. The 
oxides of the type X0. 2 , in which the elements are quadri- 
valent., are all anhydrides from which the corresponding 
dibasic acids, H.,X( > 3 , are derived; the latter become les? 
acidic with increasing molecular weight, and in fact the oxide 
Te0 3 may even act as a basic oxide towards strong acids. 
The acids of the type 1I 2 X0 4 , in which the elements are sex- 
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valent (p. 493), arc* also similar in properties, hut telluric aciil 
is n very weak acid. 

Corresponding solid compounds of these three elements are 
generally isomorphous. 


CHAPTER L. 

Chromium and its Compounds. 

( Jh hom 5 u M , Cr ; * At. Wt. 52 * ] . 

The metal chromium, w Inch is related, although distantly, 
to oxygen and sulphur, is found in nature in tin* form of 
chrome imn done or chromite, a gray, very hard mineral, 
which is the principal source of chromium and all its com 
pounds. 

The metal may he obtained by reducing chromium sesqui- 
oxide (p. 5 L 1 ) with aluminium as described in the preparation of 
manganese by finldschmidt’s process (p. 443). ]>y using a slight 
excess of the oxide, chromium is obtained free from aluminium 
as a hard, very lustrous, silvery -gray solid, of sp. gr. about 
(j*9, which melts only at tin* temperature of the dee, trie, 
furnace; it dissolves chemically in hot hydrochloric acid, 
liberating hydrogen and giving a green solution of chromic 
chloride. 

Chrome iron stone consists principally of ferrous chromite, 
Fe(Cr0 2 ) 2 or Fe(), Gr a < h, and is used on the large scale for 
the preparation of potassium dichrom.itc. For this purpose 
the finely ground ore is mixed with a suitable quantity of 
potassium carbonate, and tin* mixture is boated in a reverbera- 
tory furnace (p. 587) tlnough which there passes a continuous 
stream oi air. At the end >>f some hours the yellow product 
is cooled and treated with water; tin* aqueous solution thus 
obtained contains the f salt, pofox.si unt eh minute, K a CrU 4f 
vhilo an insoluble deposit of ferric oxide remains. 

1 Tutt molecular formula of chromium in not known. 
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The re-actions which occur in these operations are sum- 
marised in the equation, 

4O 2 0 3 ,Fe(.) + 8K/30, 4- 70 2 = 8 K 2 Cr ( ) 4 4- SCO., + 2Fe 2 0 8 . 

The principles of the process are, (a) the ferrous chromite is 
transformed into potassium- chromite, 

Fe(Cr< K). 4 - K 2 0O 3 - 2KCr ( ), + F<*0 4 - C0 2 , 

and (/;) the potassium chromite is converted by atmospheric 
oxidation in presence of alkali into potassium chromate, 

4 KCr0 2 + 2 K 2 C< > s 4- M >., •= 4K 2 Cr0. 4 4- 2C0 2 . 

At the same time the ferrous is oxidised to ferr ic oxide. 

The solution of the chromate is next treated with sulphuric 
acid, whereby the chromate is converted into the more 
sparingly soluble diehromate, 

2K 2 < , 1 1 ,S< > 4 --- K 2 Cr 2 0 7 4- K 2 S( ) 4 4- H 2 0. 

Tlie liquid is then evaporated, and the putassimr? diehromate, 
which separates from the solution on cooling (leaving potassium 
sulphate in the mother-liquor), is purified by recrystallisation 
from hot water. 

Sodium chromate is generally manufactured instead of the 
potassium salt, because sodium carbonate is very much cheaper 
than potassium carbonate. 

The warm eoucevtratxd solution of the sodium chromate is 
then treated with sulphuric acid ; in this case sodium sulphate 
is precipitated, and the more readily soluble sodium diehromate 
does not crystallise out until the solution has been further 
concentrated and them cooled 

The sodium diehromate is then transformed into the potas- 
sium salt by ti eating ituith commercial potassium chloride, 
(p. G7C») in hut concentrated aqueous solution. On the solution 
lndng cooled, the reversible reaction, 

Na,f’i-,( > T + 2K01 > lv,Cr.,< +2N.-C1, 

proceeds from left to right, Ijecunse, as the potassium di- 
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chromate is only sparingly soluble, the solution is saturated 
with it, and it is precipitated in crystals. 

It is also very advantageous to add some quicklime before 
heating tho mixture of chrome iron stone and alkali carbonate, 
because the latter melts at tho high temperature employed, 
whereas quicklime does not ; the mixture is thus rendered 
more porous, anti in consequence the absorption of atmo- 
spheric oxygen is more rapid. When calcium oxide is em- 
ployed it is finally converted into calcium carbonate, which 
remains with the insoluble ferric oxide, hut some calcium 
chromate may he present in solution ; in such eases the 
solution is boiled with sodium carbonate in order to form 
sodium chromate and insoluble calcium carbonate. 

Potassium dichromate, K ,Cr 2 < > 7 , is a red crystalline salt, 
and is much more soluble in hot than in cold water (its 
solubility is 8 at 10°, about 96 at 100°), so that it is easily 
recrystallised and obtained in a pure condition ; this is one cf 
the reasons why it is made the starting-point in the pre- 
paration of chromium compounds. It is a salt of dichromic 
acid, H 2 Cr 2 0 7 , a substance which is derived from chromic 
acid, 1I 0 OC>4, 

2II.,0r() 4 = H L) Cr/) 7 + H 2 O. 

In the conversion of the chromate into the dichromate by 
the action of sulphuric acid (or other acids), it may be sup- 
posed that potassium hydrogen chromate is first formed, just 
as potassium hydrogen sulphate is produced from normal 
potassium sulphate, 

2K 2 Cr0 4 + H 2 S(> 4 = 2KHCrf> 4 + K 2 S0 4 , 

and that two molecules of this salt then immediately combine 
together, with elimination of one molecule of water,* 

2KIICr( > 4 - K/> 2 f) 7 + II 2 0. 

W T hen a concentrated aqueous solution of potassium di- 
chromate is carefully nqxed with a suitable quantity of con- 

* Hence the conversion of a chromate into a dichromate is not a pfooess 
of ox'datior : both acids are d«rived4froin the anhydride, Cr( )#. 
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cent rated sulphuric acid and the solution is cooled, long 
dark-red crystals of chromic anhydride, CrO,, are deposited, 

K 2 Cr 2 0 7 + 2TI 2 «0 4 - 2Cr( ), + 2KHS( ) 4 + II 2 0. 

The crystals may he separated by filtration through glass-wool, 
washed with nitric, acid, and dried on unglazed earthenware. 

Chromic anhydride is readily soluble in’ water, giving a 
solution of chromic acid (or of dichromic acid), just as 
sulphuric anhydride gives sulphuric acid, hut the acid is 
unstable. The anhydride decomposes at about 250°, giving 
oxygen and chromium sesquioxide, 4Cr( ) ;{ - 20 ,< ), -p .‘50., ; 
it is a very vigorous oxidising agent, and attacks paper, 
alcohol, and many other compounds. 

A solution of chromic acid is also a vigorous oxidising 
agent, and as such a solution is obtained when potassium 
chromate or potassium dichromate is mixed with sulphuric 
acid, both these salts, but especially the latter, are used for 
oxidising purposes. 

In all such inactions the chromic acid undergoes reduction, 
with formation of oxygen and chromic hydroxide, as repre- 
sented in the partial equation, 

2H s Ci< > 4 + H,0 - 30 + 2Cr(( >H ) 3 , 

hut hoth these primary products immediately undergo change; 
the oxygen oxidises the reducing agent present, and the 
chromium hydroxide, which is a basic hydroxide, forms the 
corresponding sulphate with the sulphuric acid contained in 
the solution, 

2Cr(< >11), + 3ir.,S0 4 = Cr 2 (S0 4 ), + GIU >. 

During these changes, which generally take place rapidly at 
ordinary temperatures, the colour of the solution passes from 
a reddish-yellow to a dear green if all the chromic acid is 
reduced ; if not, the solution has a dark greenish-brown 
colour. t 

As examples of substances which are oxidised by chromic 
acid or by potassium dichromute (or chromate) in presence 
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of sulphuric acid, sulphurous acid, hydrochloric acid, hydrofoil 
sulphide, and ferrous sulphate may hi* taken. 

In the first case Ihe iiuiil results arc expressed by the 
ecpiatioli, 4 

1\ />,< L -I- li,K< ) 4 4 31l,S< »J - K 2 St ), tCrp)^ + 111,0, 

and the intermediate stages may he represented as follows, 

K ,<>,< > 7 + 1I,S< > v -t 1 1 / > K,S( >. 4- 2H ,Gr< > 4 
2 LI..GH >, +- 1 f,< ) - 3< ) + 2Cr(OH ) 3 
311]S0 4 4 : 1 ,(»--3il ;: S0 4 * 

2Cr(( >11) .-} ‘3 1 1 ,S< )“ - Cr.>(S< \ ^ 01 1,( ). 

1 1 mice one moiernf,' ot potassium dichroinatc gives Him} 
atom* of oxygen, winch .ire available for the oxidation of the 
reducing agent ; as, m presence, of sulphuric acid, two mole- 
cules of a chromate give one molecule of a diehromute (set* 
p. 504), tiro wolrenU* of potassium chromate also yield three 
atom* of available oxygen. 

In the oxidation of hydrochloric acid, the reaction only 
takes place readily on heating the substances together in 
concentrated solution, and is expressed by the equation, 

K/'r/h-f 14IIC1-2KH + 20r< % + SCI,. + 711,0. 

The, chlorine which is liberated is equivalent to the available 
oxygen, and chromium chloride is formed by the interaction 
of the acid and the basic hydroxide, < Jr(< ill )o. 

Chlorine may he prepared by heating concentrated hydro- 
chloric acid with cuarsely powdered potassium dieliromate, 
which also oxidises hydrohromie and hydriodic acids very 
readily.f 

* It should hi* oW rved that in tlic ahov* inaction three out of the foul* 
molecules of sulphuric acid which arc required for the formation of the 
metallic sulphates* an Jo mud by the oxidation of Ur Milphurous acid 

t Pure potassium dichromati* isoUcn u^-d in standardising solutions of 
sod.mi: thiosulphate (p. 4!M»). When R is added to a solution containing 
excess of pofa.-dum iodide and •.ulphunc acid, it oxidises the li>drogcn 
iodide in die solution, and tin* Uttei may then he titrated with sodium 
thiosulphate. The «piautit\' of iodine which has liven liberated hy the 
known weight of dichioinute (K v ( ) r 31 J being known, the strength of 
th« duos -luhatc solution may he calculated. 
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When hydros'll sulphide is pnssorf through an acidified 
solution of potassium dichromate (as is sometimes done in 
qualitative analysis) the solution ultimately turns ^reen, and 
sulphur separates as a lint*, pale-yellow powder,* 

K,,Cr 2 ( > 7 4- 81K U 4- 3SH_, - 2KH 4- 20C1 S + 3S 4- 7H 2 0. 

The action ol ferrous sulphate on an acidified solution of 
potassium dichromate* is expressd thus, 

K 2 Cr a 0 7 4- < 1I.,S( ) t 4- (>FeK() 4 ~ 

K.,S( > 4 4 - Cr,(S( >,),+ 2IO./SO,), 4- 711,0, 

l)ecuuse, nsaimnlv shown (p. 15**5), one atom of oxygen oxidises 
two molecules of h* irons sulphate. f 

Potassium dichromate is die< imposed wlieii it is strongly 
heated with concentrated sulphuric acid ; the chromic anhy- 
dride which is Jirst produced undergoes the decomposition 
mentioned above, and the chromium sesquioxide is thou con- 
verted into sulphate, 

2K,Ci\/ ) 7 + H1I,S< > 4 = 2K,S< ) 4 4- 2t ■r.,(S0 4 ) ; . 4- .‘lU, 4 8H,< ) 

This reaction is sometimes used for the preparation of 
oxygen. Potassium dichromate al.-m gives oxygen, together 
with potassium chromate and chromium sesquioxide, when it 
is heated alone, 

I K,0 J > 7 -. 1K,( V ) , 4- 2t>,( ). { 4- 2* 

* Thu sepai ation of this precipitate by filtration generally give." trouble; 
for this reason, when a chromatr «»r dichromate is known to he present m 
the mixture to be analysed, sulphurous acid is added to the acid solution 
until the colour changes to giewi (or reduction is complete), and the 
solution in then boiled until free from sulphurous acid. If the addition of 
sulphurous acid produces a precipitate, owing to the formation of some 
insoluble sulphati , the dichromate is ledueed with hydrochloric acid 
instead. 

t The quantity of a ferrous salt in a solution may he determined by 
titration with a standard solution of potassium diehtoiiiat-e instead of 
potassium permanganate (p. 4. r >.*l), and thn ppjposs is used when the solu- 
tion contains chlorides, because dilute hydrochloric acid reduces per- 
manganates hut docs not reduce .di chromates. A special indicator 
(potassium fori icy an id< , p. 70. r >) is required in this titration. 
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Potassium dichromato (or sodium dichromatic) is used as 
an oxidising agent in the, colour industry ; it is also employed 
in dyeing, in electric batteries, in preparing other chromium 
compounds, and in making earl uni prints. 

The only other dichromates of any importance are sodium 
dichromate, a red, crystalline, readily soluble, hygroscopic 
suit, and ammonium dichromate (p. 516). 

Chromyl chloride, Cr< >,Oo, distils and condenses to a dark- 
red liquid (very like bromine) when a mixture of potassium 
dichromate and a chloride is heated with concentrated sul- 
phuric acid, 

Cr<\ 4 - •JHCl -- (VO,CI., + 1LO. 

It is decomposed by water, giving hydrochloric and chromic 
acids, and is therefore an acid chloride, corresponding with 
sulphuryl chloride (p. 4D2). 

liromidcs and iodides treated in the above maimer do not 
give rise to volatile ehronivl compounds, and the free halogens, 
produced by the oxidation of the halogen acids, distil over. 
Hence a chloride may be detected in presence of a bromide 
or an iodide, or both, by distilling the mixture with dichromate 
and sulphuric acid, boiling the distillate with water to decom- 
pose the chromyl chloride and to expel tin* free halogens, and 
then testing the remaining solution for chromic acid . 


Chromatfs. 

Chromates ore obtained from chrome iron ore as already 
described; also when chromium sesquioxide (p. 511) is 
fused with an alkali hydroxide or alkali carbonate and some 
oxidising agent such os potassium nitrate or chlorate ; also 
when this oxide, is heated with sodium peroxide (p. 671), 

Cr/ >, + 3Xa t /) 2 = 2Nu 2 Cr0 4 + Xa/), 

or when an aqueous Solution of a chromium salt, such as 
chronic sulphate, i<i tieated with sodium peroxide. In the 
last case the salt is decomposed by the sodium hydroxide, 
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which is formed from the peroxide, and the chromic hydroxide 
thus produced is then oxidised. 

Chromates are also formed when dichromates are Heated 
with basic hydroxides, 111 cm/ colour of the dichromate giving 
place to the yellow colour of the chromate, 

K 2 Cr 2 < ) 7 + 2KOH = 2K a Cr0 4 + H 2 0. 

Insoluble chromates are also formed when a solution of a 
/fzehromate (or, of course, of a soluble chromate) is treated 
with solutions of certain metallic salts; thus on a solution 
of barium chloride being added to a solution of potassium 
dicliromate, barium chromate (and not the dichromate) is 
precipitated, 

K 2 Cr,(> 7 + 2llaCl 2 + H/> - 2BaCr0 4 + 2KC1 4- 2HC1. 

Potassium chromate, K 2 Cr0 4 , is a lemon-yellow* , crystal- 
line, anhydrous salt, readily soluble in water; it melts at a 
high temperature, but does not decompose. As it is converted 1 
into dicliromate by acids, it gives in acid solution the reactions 
of the dichromate; in neutral solution, potassium chromate 
is reduced by hydrogen sulphide, 

2K/V > 4 + 311*8 + 211/.) = 4 KOII + 2Cr(OH) y + 3S. 

Silver chromate, Ag 2 Cr(> 4 , is obtained as a dark -red pre- 
cipitate when an aqueous solution of a chromate or of a 
dicliromate (see above) is treated witli a solution of silver 
nitrate; it dissolves chemically in nitric acid, giving silver 
nitrate and chromic acul. 

Barium chromate, l>aCr0 4 , prepared by precipitation 
(see above), is a pale-yellow solid, insoluble in water and 
in acetic acid, but it dissolves chemically in hydrochloric 
acid. 

Lead chromate, Pb0rO 4 , occurs in nature as a yellow 
mineral (crocoiaite), and is obtained as a pale-yellow pre- 
cipitate on solutions of potassium eh r< mate and lead acetate 
being mixed (p. 279). It b insoluble in water, and is used as 
a paint (Mrome yellow). It melts at high temperatures without 
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decomposing, 1 nil in presence of reducing agents, such ns 
carbon compounds, it acts as an oxidising agent at, high 
temperatures, ami is converted into lead oxide and (rail 
chromite, Pb(Or( or PbO, CrJ\ v with loss of oxygen 

Chromium Salts. 

Tim green solution obtained by ihe reduction of potassium 
dichronmte with sulphimm* acid in presence of sulphuric 
acid contains molecular proportions of potassium sulphate, and 
chromium sulphate (]>. 506), and when concentrated and 
loft, for some time, it deposits dark bluish-violet octahedral 
crystals of chrome alum, KoKO p O./SO^, lMlf.,0 ; this 
double salt (p. 3:J*J) dissolves m water, giving a violet solu- 
tion which turns green when it is boiled owing to the occur- 
rence of hydrolysis, and the, consequent production of green 
basic salts. 

Basic Salts. — When the normal ^alt derived from a 
dihydric or polvhydric basic hydroxide (that is to say, from 
a basic hydroxide which contains two or more hydroxyl- 
groups in its molecule) undergoes hydrolysis, one or more 
of the acid radicles may he displaced by hydroxyl-groups. 
The products thus formed are called hfutte naif* so long as 
they still contain one or more acid radicles Thus the com- 
pounds I>iCl(OII) 2 and T>i()(Jl, which are, formed by the 
hydrolysis of normal bismuth chloride (p. 361), are basic 
salts, and a compound such as Cr 2 (S( > 4 ) 2 (01l).„ formed by 
the hydrolysis of nonual chromic sulphate, 

Cr./Sfg, + 2IJ,< ) -► Cr 2 (S( >.,),,(< >11)., + H.,K< ) p 

would also he a basic salt. 

The, composition of a basic salt depends very much on the 
conditions under which it has been prepared, because the 
extent of the hydrolysis of a normal salt, like all reversible 
reactions, depends on the relative concentrations of the react- 
ing substances. For this reason many basic salts are, probably 
mixtures, and the formulae given to them may he regarded as 
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expressing their compositions only approximately. Jn m;uiy| 
cases the composition of a basic salt is represented by a formula 
such as (JuCOy, Cu(< Hl)„, or 21M>< J< >.., JM)(OII)., ; suc^ tormulm 
do not ncccssunh imply that the salts are mere, mixtures of 
normal salt and basic, hydroxide, but are used because the 
precise nn tme of tin basic salt is not known.’ 

As the formation of a basic salt is a reversible reaction, 
when a basic salt is treated with a concentrated solution of 
an acid it gives a noirnal salt and water, and thus shows the 
behaviour nt a basic hydroxide as well as that of a salt. 

Chromic hydroxide, 0(011).., is obtained in a hydrated 
form, as a pale-blue precipitate, when an alkali hydroxide is 
added to the above solution of chrome alum, or to a solution 
of any chromic salt, 

Cr,(S() 4 ) H + f>NH 4 (OH) - L>Cr(< >11), 4 - 3(NII 4 ) J S0 1 . 

It is insoluble in water, but it is essentially a basic 
hydroxide and dissolves chemically in acids, forming chromic 
salts. 

It acts, however, as an acid towards many basic hydroxides, 
thus with potassium or sodium hydroxide it forms soluble 
chromites, which, like chronic* iron stone, may be regarded as 
derivatives of chronwtw arid, HOO.,. The. soluble chromite? 
are hydrolysed when their solutions are boiled and a greenish 
precipitate of chromic hydroxide \s formed. 

Chromium sesquioxide, Or,(),,* is formed when (carefully 
washed) chromic hydroxide is heated gently, and also when 
chromic anhydride is heated (p. f>Of>). Although a basic 
oxide, it is insoluble, in acids. 

A hydrated variety of chromium ^esipiinxidc, obtained by heating 
a mixture of potassium, dichronmte and boric acid (p. (W7), and 
then extracting the soluble matter with water, is used {is a pigment 
under the name of 11 nig met'* green. 

The chromic salts, such as chronfle sulphate, correspond 

* As tlm name ‘chromic trioxidr,' given sometimes to CrOg, is rather 
tyUibiguouH, it is better to keep to the names used above. 
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jwith the oxide (>.,().< and the hydroxide Cr(OII) r Chromic 
sulphate, rr. l (.S0 4 ).„ prepared l>y dissolving the hydroxide m 
sulphuric arid, forms reddish violet crystals and is soluble 
in water, giving a violet solution, which turns green when it 
is heated ({>. 510). 

Chromic chloride, ("rCl. { , is probably formed when the 
hydroxide is dissolved in concentrated hydrochloric acid, but 
on the solution being evaporated on a water-bath a basic salt, or 
even chioiuic hydroxide, remains, owing to the occurrence of 
hydrolysis. Anhydrous chromic chloride volatilises when an 
intimate mixture of chromium sesquioxide and carbon is very 
strongly heated in a stream of chlorine in a porcelain tul>e, 

Cr 2 O s + 3C + 3C1 2 =• 2CrCl 3 4- 3CO. 

The product condenses on the cooler portions of the tube in 
beautiful peach-coloured crystals, which dissolve very slowly 
in boiling water, giving a green solution. This method of 
decomposing an oxide by the combined action of carbon and 
chlorine is employed in the preparation of several other 
chlorides (p. 580) ; neither chlorine nor carbon alone acts on 
the oxide at the temperature used in this experiment (p. 310). 

Chromous Compounds . — Chromium dissolves chemically in 
hot hydrochloric acid, hydrogen is rapidly evolved, and a 
green solution of chromic chloride is obtained ; when this 
solution is treated with zinc it turns blue, owing to the 
reduction of the chromic salt to chromous chloride, CrCl 2 . 

A yellow chromous hydroxide, 0(011).,, is also known. 

Chromium, like sulphur, is sexvalent in its highest salt- 
forming oxide, (CrO s ), and the acids derived from this 
anhydride are of the same type and of the same structure as 
the corresponding derivatives of sulphur; for this reason the 
structural formulae of the chromates and dichromates have 
not been given. Except that the chromates are isomorphous 
with the correspond i ng* 1 sulphates (in consequence of their 
similarity in type), there is little in common between the two 
classes ol compounds, and the relationship between the metal 
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chromium and the non-metal .sulphur is a very slight one. 
The relationship, in fact, is eoin parable to that between man- 
ganese and the halogens (p. 455), the position of ^ chromium 
in the periodic system being altogether different from that 
of the oxygen sub-family.; in harmony with its position, 
chromium forms a connecting link between vanadium and 
manganese. 

Molybdenum (Mo), tungsten or wolfram (W), and uranium 
(U) are throe dements related to chromium. Molybdenum 
occurs in nature as ntolybrfenih ?, Mo8 2 , and when this sulphide 
is heated in the air it gives molybdic anhydride, MoO ;t . 
Ammonium molybdate, (XH 4 ) 2 Mn0 4 , is prepared by treating 
the .vuliydride with ammonium hydroxide ; its solution gives 
with nitric acid a crystalline precipitate of molybdic acid, 
which dissolves again on excess of diluted nitric acid being 
added. This solution, ‘ammonium nitmiuolybdate,’ is used 
as a reagent for phosphoric and arsenic acids (pp. 550, 558). 

Tungsten occurs as ferrous tungstate, Fe\V<> 4 , from which 
sodium tungstate may he prepared by heating with sodium 
carbonate and then extracting the product with water. This 
salt is used as a mordant, and also for impregnating fabrics 
in order to render them less readily inflammable and com- 
bustible. Tungsten is sometimes added to steel, which it 
renders very hard ; tungsten, filaments arc used in electric 
lamps. 

Uranium occurs in ptfrliblmdr ; its compounds are used 
in making a yellowish -green fluorescent glass (uranium glass), 
ami uranyl acetate is employed for the volumetric estima- 
tion of phoapjiorie acid. Uranium forms compounds in which 
its valency varies from four (l r Cl 4 ) to eight (U0 4 ), and is 
also interesting as being the element of highest atomic weight ; 
the uranyl salts an', derived from the hydroxide U() 0 (()II) 4 , 
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CHAPTER LI 

The Nitrogen Family 

Nitjukikn, N,; At AVt. 1-10. 

Nitrogen, so named from its occurrenee in nitre, is one oi 
the, members of a family of elements which also includes 
phosphorus arsenic, antimony, and bismuth. 

Although under most conditions nitrogen is very inert, and 
for this reason occurs in nature in the free state, it form* 
very many compounds, some of which, namely, the itlhmnhioids 
and protein s, are essential components of animals and plants. 
These substances, as, for example, egg albumin (white-of- 
egg) and gluten (wheat albumin), contain carbon, nitrogen, 
oxygen, hydrogen, and sulphur. Such substances, and many 
other materials of a it da toil character, are often referred to as 
‘nitrogenous oiganie matter. ’ 

In addition to these highly complex substances or mixtures, 
many relatively simple compounds of nitrogen are. known, as, 
for example, those which it forms with hydrogen, with oxygen, 
and With both these elements. The most important naturally 
occurring mineral compounds of nitrogen aie the nitrates of 
potassium and sodium (p. 241). 

As already stated (p. 93), the 'atmospheric nitrogen * which 
remains whom carbon dioxide and oxygen have been removed 
from dry air is not pure nitrogen, but for practical purposes 
the presence of argon and the ether inert, gawft (p. 081) is 
of no importance ; consequently in most experiments atmo- 
spheric nitrogen is employed instead of the pure gas. 

In addition to the methods already given for its prepara- 
tion (pp. 90 92), nitrogen may he obtained by bubbling air 
through a concentrated 1 solution of ammonium hydroxide, and 
th« u passing the mixture of air and ammonia through a tube 
containing heated copper. The atmospheric oxygen is Jixed 
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by th 0 copper, and the copper oxide thus formed oxidises 
the ammonia (p. 262), with formation of nitrogen, water, and 
copper, lienee, if excess of ammonia is used, $ie copper 
remains unchanged, and the process may be continued in- 
definitely. The escaping, gas is bubbled through dilute 
sulphuric acid to free it from ammonia, and the nitrogen, 
which is partly ‘atmospheric,’ may then he collected in a 
gas-holder. 

Another method consists in burning a jet of hydrogen in 
a slow stream of air (lig. 10, p. 105), whereby most of the 
oxygen is removed, and then passing the atmospheric nitro- 
gen over heated copper to free it completely from oxygen. 
Another method is to suspend a hag of moistened iron filings 
in a large bottle (o) forming part of the apparatus shown in 
fig. 101 (p. 517). As the oxygen in the air contained in the 
bottle (a) K absorbed, water flows in from the. reservoir (It). 
When all the oxygen has been removed, the nitrogen may he 
driven out by raising the reservoir (h) and opening a pinch- 
tap which ordinarily closes the tube (r). 

Nitrogen free from atmospheric gases may he prepared 
from nitric acid (p. 23£), from oxides of nitrogen (pp. 2*11, 
269), and from ammonia (p. 262) ; also, and more con- 
veniently, by cautiously heating a solution of annnonuun 
it if rite, a reaction which is comparable with that which occurs 
when nitrous oxide is prepared from ammonium nitrate 
(p. 270), 

NH 4 N<V No + 2II a O. 

As ammonium nitrite is not easily prepared, ammonium 
sulphate is added to a concentrated aqueous solution of 
sodium nitrite (p. 527), and the mixture is gently heated. 
The reversible reaction; 

2NaN< K + (N11 4 ),S0 4 -<r— > 2NH 4 N0 2 + Na.,S0 4 , 

then takes place, but as the ammonfum nitrite decomposes 
the change proceeds continuously from left to right 

In order to obtain pure nitrogen, the. gas prepared by this 
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or other methods may bo passed over strongly boated copper 
or iron in order to free it from oxides of nitrogen which may 
be present. The gas may then be dried with sulphuric acid 
or phosphorus pontoxidc. 

Nitrogen is also obtained, but in an impure condition, when 
a mixture of potassium diohromale and ammonium chloride 
is heated ; the <tmm<miiun bichromate which is thus formed 
readily decomposes, 

(NH 4 ) 2 Cr 2 () 7 - Cr 2 (),+ IH.,0 + N 2 . 

Nitrogen is also formed when a solution of bleaching powder 
is cautiously added to a boiling solution of ejccesr of ammonium 
sulphate.* 

Nitrogen melts at —214°, and boils at —195°. When 
liquid air boils, the more volatile nitrogen passes away first, 
then the oxygen, and lastly the denser inert gases of the 
atmosphere. 

Nitrogen is not very easily identified or detected, but this 
may be done, after tin* other gases present are absorbed, 
by ‘ sparking ’ the sample with some oxygen in a eudiometer 
(p. 247), or by beating magnesium in the sample and then 
testing the product as described later (p. 517). 

Nitrogen combines directly with hydrogen when the two 
gases are ‘ sparked * together. The decomposition of ammonia 
already studied (p. 264) is a reversible reaction, and equi- 
librium is reached when 98 per cent, of the ammonia is 
decomposed ; but if a mixture of hydrogen (3 vols.) and 
nitrogen (1 vol.) is confined in a eudiometer over dilute 
sulphuric acid and sparked, the ammonia which iR produced 
is absorbed, and consequently the .reaction proceeds slowly 
but continuously from left to right, 

3TI 2 + N 2 < — >2 NIL. 

This is a very good illustration of the effect of concen- 
tration on the direction* of a reversible reaction (p. 353). 

* Unless care is taken to keep the ammonium sulphate in large excess, 
e.\plos/.»>r.< may occur owing to tho formation of nitrogen trichloride (p. 621 ). 



THE NITROGEN FAMILY. 


517 


Nitrogen combines directly not only with oxygen and with 
hydrogen but also with many other elements at very high 
temperatures. Soine of the compounds thus fiormed are 
termed nitrides. 

Magnesium nitride, Mg ;i N 2 , is produced when the metal 
is heated in nitrogen at a temperature above 800°; tlie 
nitride is decomposed by boiling water, giving ammonia and 
magnesium hydroxide, 

Mg,N 2 + 611/) -= 2NH.j + 3Mg(OH),, 
so that the formation of the nitride is easily demonstrated. 



Fig. 104. 


In order to show the combination of nitrogen and mag- 
nesium, the dry gas is passed through the hard-glass tube 
(p, fig. 104), which contains a little powdered magnesium, until 
all the air is expelled. The tap (/) is then closed, and 
the magnesium is heated, first with a Bunsen-flame and 
then with an oxv-coal-gas blowpipe llame (p. 135). The 
escape of nitrogen from the pipette (owing to the expansion 
of the gas) soon ceases, and when the magnesium lias 
reached a sufficiently high temperature the water begins to 
rise in the pipette, owing to the absorption of the gas by 
the magnesium. 

Nitrogen also combines with calcium to form calcium 
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nitride, Ca 3 N 2 , with aluminium to form aluminium nitride, 
AIN, ami with oilier metals. 

The Utilisation of Atmospheric Nitrogen. — Although so 
large a proportion of the atmosphere consists of nitrogen, 
tliis gas is not directly absorbed by plants, and the whole 
of the nitrogen * essential to vegetable growth is taken up 
in a combined form through the roots of the plant. Some 
leguminous plants (peas, beans, clover, <fcc.) are provided 
with root 'nodules/ which contain certain ‘nitrogen-fixing* 
bacteria capable of absorbing atmospheric nitrogen and con- 
verting it into nitrogenous compounds , such plants, therefore, 
need no nitrogenous manures; but others, when grown many 
years in succession on the same ground, gradually exhaust the 
soil, which must then he supplied with nitrates or ammonium 
salts if good crops are to be obtained. One method of 
avoiding the necessity for the direct, application of nitro- 
genous manures is to ‘sow* the ground with preparations 
of the ‘ nitrogen-fixing 1 bacteria * obtained from leguminous 
plants, but hitherto the use of sodium nitrate or ammonium 
sulphate (p. 267) has given better results. 

!Now the quantities of these substance's which are* available 
are not very large, and consequently many attempts have 
been made to prepare nitrates and ammonium salts from 
atmospheric nitrogen. The production of nitrates from 
atmospheric nitrogen has already been inferred to (p. 299), 
and the methods for the preparation of tvwmo'ui nm salt s may 
now be briefly described. 

When nitrogen is passed over a mixture of carbon and 
potassium hydroxide which is at a white heat, a salt, potassium 
cyanide (p. 679), is formed, and when this compound is warmed 
with dilute sulphuric acid it gives ammonium sulphate. Those 
reactions, however, cannot he satisfactorily carried out on the 
large scale. 

• 

* The term ' nitrifying • bacteria la not applied to those organisms which 
are capable of fixing atmospheric nitrogen, but only to those which bring 
about the formation of nitrates from nitrogenous organic matter (p. 241), 
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When commercial calcium carbide, CaC 2 (p. 638), is heated 
Under pressure in an atmosphere of pure nitrogen,* the gas is 
absorbed and calcium cyanamide is formed, 

Oa Go + N 2 = OaN-GN + C. 

The product, a mixture of calcium cyanamide and carbon, 
is known commercially as Nitmlhn or Kalkxficksloff ; when 
treated with water it slowly undergoes decomposition, giving 
finally calcium carbonate and ammonia, 

CuN-CN + 311 2 G — (;iiCUjj + 

Nitrolim may be used directly as a manure, for which 
purpose it is applied before sowing or planting is done, or 
it may be first employed for the preparation of ammonium 
sulphate. 

Nitrolim is also used for the. manufacture of cyanides. 

Compounds of Nitrogen and Hvdrogen. 

Ammonia (p. -00) is formed in small quantities during the 
destructive distillation of horn, bone, choose, gluten, and 
other nitrogenous organic matter (hence its presence in gas- 
liquor, p. 267) ; also, when such substances are heated 
with soda lime. In the latter case most of the combined 
nitrogen in the material is converted iuto ammonia. It is 
also formed in small quantities during the putrefaction or 
decay of nitrogenous organic matter, also by the reduction of 
nitric acid (p. 530) and other nitrogen compounds. 

Liquid ammonia boils at -34°. As the gas is easily 
liquefied by pressure alone, and the evaporation of the liquid 
is attended by absorption of heat, liquid ammonia is often 
used for refrigerating purposes. 

Minute traces of ammonia, or of ammonium salts, in aqueous 
solution— -as, for example, in natural waters contaminated with 
sewage — may be detected with the aid of Nossler’s solution 

* The pure nitrogen required fot this purpose may In* obtained by 
liquefying air which liu'* been freed from moisture and carbon dioxide, and 
then separating the oxygen and nitrogen by fractional distillation (p. 084). 



520 


THE NITROGEN FAMILY. 


(p. 633), which gives a distinct yellow colouration with a 
solution containing only 1 part of ammonia in 5,000,000 of 
water. 

The mole important ammonium salts have heen described 
(pp. 264-268), and it lias been pointed out that all such 
salts may lie regarded as derived from ammonium hydroxide, 
N1I 4 -G11 (p. 266).* A compound of this composition has 
recently been obtained in the solid state., but it is stable only 
at very low temperatures. 

It is a very interesting fact that the univalent basic radicle, 
ammonium, (p. 266), may play the part of a single atom of 
sodium (or of one of the other univalent metals). Not only 
does this radicle take the place of hydrogen in acids, forming 
ammonium salts, but these salts are often isoinorphous with 
those of sodium, Ac. ; that is to say, the .substitution of the 
radicle NIT,— for the single atom Na — , K - , Ag - in a 
molecule may not change the structure of the crystals formed 
from these molecules. Potash alum and ammonium alum 
(or ammonia alum), for example, are isoinorphous double salts 
(p. 295). The close relationship between certain ammonium 
salts and corresponding potassium salts is further illustrated 
in the case of the platinichlorides and acid tartrates of 
ammonium and potassium (p. 678). 

In some respects, of course, ammonium salts differ widely 
from sodium salts. The former either sublime or lose 
ammonia and water (p. 549) when they are strongly limited. 
They are also completely decomposed when they are heated 
not only with sodium hydroxide, but with other basic 
hydroxides or basic oxides ; t this is due to the fact that 
ammonium hydroxide readily decomposes, giving volatile 

* The formula NH 4 OH orNH, OH is offr-n used instead of NH 4 (OII) ; 
all these formula; are intended to indicate that the molecule contains a 
hydroxyl-group, which, like the four hydrogen atoms, is directly united to 
the atom of nitrogen. 

1* This fact may he utilised in <|u?ditativc analysis in testing whether a 
g veil substance is a basic hydroxide or basic oxide ; for thi» purpose the 
substance is heated with solid ammonium chloride. 
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products (ammonia nnd water), in consequence of which 
reactions such as, 

(NHjXjH 0 4 + 2NaOH ^ — > Na 2 S0 4 + 2NII 4 piJ, 
which arc reversible in aqueous solution, proceed continuously 
from left to right when the solution is boiled, or in absence 
of any appreciable quantity of water. 

Sodamide, NIl a Na, is obtained hr a colourless solid when 
dry ammonia is passed over sodium which is heated at about 
350°; it is decomposed by water, giving ammonia and sodium 
hydroxide. 

Nitrogen chloride, NCI ; ., separates as a heavy oil when chlorine 
is passed into a concentrated aqueous solution of ammonium 
chloride. It is a most dangerous explosive. 

A solution of nitrogen chloride in carbon tetrachloride is fairly 
stable, and may he obtained by canning out the above leaetion in 
piesence of the tetrachloride. The molecular formula of nitrogen 
chloride is not known ; it may he C1.,N : NCI 3 . 

Nitrogen iodide, H it N : N l „ is obtained as a black powder when 
an alcoholic solution of iodine is added to a solution of ammo- 
nium hydroxide. 'Hie dry substance is extremely explosive, 
and detonates violently even when rubbed with a feather ; it also 
explodes violently when it is placed in boiling water. 

Hydhoxylaminr, NH 2 — ( )H. 

This compound, so named because it consists of a hydroxyl- 
group united to an om/wo-group, - K1I 2 , maybe regarded as 
derived from ammonia by the substitution of the. univalent 
— OH group for an atom of hydrogen. Its aqueous solutions 
give with acids hytlmjrylaiHuir salts, such as the hydrochloride, 
KH./OII, 11C1, and the sulphate (N1I./0H) 2 , H 2 S<> 4 , so that 
hydroxylamine is a base in aqueous solution. From the 
compositions of these salts it will he seen that the molecules 
of hydroxy laminc and of acid unite directly, and this idea is 
expressed in the above formula?. 

These formulae, however, although generally used, are un- 
satisfactory, inasmuch as they do not bring out what is 
probably the fact — namely, that the nitrogen atom, which is 
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tervalent in hydroxylamine, is quinquevalent in the hydroxyl- 
amine salts, as it is in the ammonium sails ; hydroxyluiuiut, 
hydrochloride, for example, lias probably tin*, structure, 

t! X v <)IT 

a x < , „ • 


It may he that hydroxy lamina, like ammonia, combines 
with water to form a hydroxide, lLO\XH 3 *< >H, which then 
interacts with acids just as do other basic hydroxides, 

TI()-N 7 IV()lI + nCl-nO'NII H Cl (or NTT./OJT, IIC1) + H,0. 

Hydroxyhimino is formed when hydrochloric acid, mixed 
with a little dilute nitric acid, is left in contact with tin, 
or when nitric oxide is passed through hydrochloric acid 
which is reacting with tin; in lioth these cases the nascent 
hydrogen (p. 311; produced from the metal and the hydro- 
chloric acid reduces the nitrogen compound, 

HXO . + (>H - XIT./O H + 2H./J, 

2NO t OH = 2NH,*OH, 

and the hydroxylaminc tlms formed combines with some of 
the hydrochloric acid to form hydroxylaminc. hydrochloride, 
XI L/C) II, If Cl. 

In this operation ammonia is also formed by a further 
reduction process, 

NH a -ori + 2H--XH 3 +ir/), 

so tli.'it the, solution also contains ammonium chloride. After 
hydrogen sulphide C passed through the solution, and the 
solution is filtered from the precipitated stannous sulphide, 

iSnCl 2 + SII 2 - SnS f 21IC1, 

the liquid is evaporated to dryness, and the residue is ex- 
tracted with alcohol, m which hydroxylaminc hydrochloride 
is soluble, ammon um chloride insoluble. 

Hydroxylamine I* prepared, in the form of its sulphate, by 
pasf<iiig snlphur dioxide into a well-cooled eonceii tinted solution of 
sodium ri trite (2 gram -molecules) and sodium carbonate (1 gram- 
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molecule) until the solution acquires an acid reaction. The solu- 
tion, which contains sodium hydroxylamine disulphonate, 

H O NO 4 2NaliSO a = IIO -N(SO y Na) 2 -i H a O, 

is then treated with a few drops of sulphuric a.cid, and is kept at 
about 1)0“ during forty-eight hours. The disulphonate is tlms 
hydrolysed with formation of hydroxylamine and podium hydrogen 
sulphate, 

HO*N(S() 3 Na). 2 + 211/) =* NIL/OII 42 NaIJS 0 4 , 

which interact to form hydioxylaniine sulphate and sodium sul- 
phate, 

2NlI 8 OII+2NaHS0 4 = (NJLOII) 5i , IJ,SU 4 tNa. 2 S0 4 . 

On the solution heing evaporated, after neutralising with sodium 
carbonate, sodium sulphate is deposited first, and the crystals 
of hydroxylamine sulphate, obtained from the mothei -liquor, are 
purilie 1 hy reerystallisation from water. 

An aqueous solution of hydroxylamine is obtained when 
a solution of the hydrochloride (or sulphate) is treated with 
sodium hydroxide, and such a solution (which also contains 
a sodium salt) is generally used instead of a solution of the 
pure haso. Such a solution gives nitrogen and ammonia 
w ; hen it is hoiled, 

3NJI,-( >11 - N, + N H, + 3II 2 ( ), 

and reduces solutions of eopper salts (Folding's solution); 
giving litiaUy a precipitate of cuprous oxide with lilnTatiou 
of nitrous oxide, 

2NH./OH 4- ICuO -2Cu,< ) + N,0 4- 311,0. 

Pure anhydrous hydroxylamine may he prepared by treating 
hydroxylamine hydrochloride with normal sodium phosphate 
in concentrated aqueous solution ; the sparingly soluble 
hydroxylamine phosphate which crystallises out is dried and 
then heated under greatly reduced pressure. The distillate, 
which consists of the impure liase, 

(N Hot >11).., ]l,p(> 4 3XII.,nn + 11 P<> 4 (residue), 

is purified hy recrystallisation from alcohol at low temperatures. 
Hydroxylaiuino melts at 33“, and decomposes or explodes 
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whon heated under atmospheric pressure; it is readily soluble 
in water, giving a strongly alkaline solution. 

It is a monacal base, and forms normal salts such us 
the luji fmchforide N-FT/OU, 11(31, and sulphate (NIl/OH) 2 , 
IbjttOj, which an* crystalline and readily soluble in water.* 
Jlydmxylamine is used as a reducing agent and in the study 
of organic (carbon) compounds. 


JIVOUAZINK AND AZOIMIDE. 


Two simple compounds of nitrogen and hydrogen are 
known in addition to ammonia— namely, hydrazine and 
azoimide or hydrazoic acid. In these compounds, as in 
ammonia, the element nitrogiin seems to be tervalent, as 
indicated in the following formulas, 


H \ / H 
H 


II 

H * ^ II 


u>NH 

IT 


Ammonia Hydrazine Azoimide 

and yet only two of the three substances are related to one 
another in properties. 

llydruzine, like ammonia (and like hydroxylamine), gives 
aqueous solutions which have an alkaline reaction and 
which yield salts with* acids. These salts may be regarded 
as having been formed from the hydroxide (hydrazouium 
hydroxide), 

NHg-OH NH a Cl 

| + 2IIC1 = | + 2H„0, 

NILpOH NH S C1 

just as ammonium chloride is formed from ammonium 
hydroxide, although their compositions are generally ex- 
pressed by formulae such as NJIj, 2JIC1, or NIL/NHg, 2HC1 


* It should be noted that |alts obtained by the* combination of hydroxyl- 
amine and other derivatives of ammonia with the halogen acids are called 
t/dr oehlorides, Ayt/relu-om'ides, kc., whereas salts with other aeids are 
named in the usual maimer. 
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for a reason similar to that given in the case of the hydroxyl- 
amine salts (p. 521). In the hydrazine salts, therefore, the 
element nitrogen is quinquevalent. 

Aunmide or htjdra::oie avid , as its name implies, is a com- 
pound of very different pro per ties, and the hydrogen atom 
which it contains is displaceable by metals;- it shows the 
general behaviour of an acid. 

Hydrazine may be regarded as a simple derivative of 
ammonia; as ammonia in which an atom of hydrogen has 
been displaced by the univalent group - NH 3 . hi accordance 
with this view, these two compounds are similar in their 
general chemical behaviour. Thus they both combine with 
wjiter forming basic hydroxides, hut whereas ammonium 
hydroxide is extremely unstable (p. 520), hydrazonium 
hydroxide (hydrazine hydrate), NIL‘N1I. { *< >H f may be iso- 
lated, and possibly the dihydroxide, HO'NHj’NHgOH, 
exists in aqueous solution. 

The salts which hydrnzoic acid forms with ammonia and 
with hydrazine respectively have the compositions N-j'NHj 
and N 3 fr, X 2 H 4 respectively, so that altogether live com 
pounds of hydrogen and nitrogen are known. 

Hydrazine, Nil.,- NIL, is easily prepared by adding a 
solution of sodium hypochlorite to excess of a concentrated 
solution, of ammonium hydroxide, which contains about 
2 parts per 10,000 of ordinary joiner's glue.* The solution 
is boiled to expel unchanged ammonia, and, after having 
been concentrated, is mixed with sulphuric acid, whereon 
hydrazine sulphate, N 2 H 4 , ll.,8() 4 , separates in crystals. 

When tin’s salt is distilled with very concentrated 
potassium hydroxide solution under reduced pressure, a 
solution of hydrazonium hydroxide (hydrazine hydrate) is 
obtained, and the hydroxide or hydrate, N 2 lf 4 , ILO, may 
then he isolated by fractional distillation as a colomless liquid 
which distils and dissociates at about >19". Hydrazine may 

* In absence of glue very little hydrazine is obtained, but the action of 
the glue is not understood. 
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be prepared by distilling this hydroxide with barium oxide 
under reduced pressure. 

Hydrazine is a colourless fuming liquid, boiling at 114°. 
It combines with water to form the hydroxide, which acts 
either as a monacal or as a diacid base (p. 256). 

Hydrazine is a very vigorous km hieing agent. It pre- 
cipitates cuprous oxide from Folding's solution (p. 656), 
and reduces aninioniaeal silver hydroxide (p. 661) to silver, 
being itself oxidised to nitrogen ; it is poisonous. 

Azoimide or hydrazoic acid, N ;i H, is obtained in the, form 
of its sodium salt when nitrous oxide is passed over sodamide 
(p. 521) which is heated at about 200 , 

N 2 0 + N JLNa - N..Na + II 2 < ). 

The free acid may he obtained in aqueous solution by 
distilling the sodium salt with dilute sulphuric acid.* 

Thu solution is acid to litmus, acts on certain metals 
giving hydrogen, and with silver nitrate it yields insoluble 
silver azoimide, N 3 Ag. This and some, otliei salts, as 
well as the anhydrous acid (a liquid boiling at 37 ’), are 
ext re melt/ exploit 'c* . 


THE OX Y- ACIDS OF NITROGEN. 

Nitkouh Acid, 1IN0 2 ok 0 = N-0-H, and its 
Derivatives. 

It has already been stated (p. 242) that the nitrates of 
sodium and potassium dill'er from most metallic nitrates in 
their behaviour at high temperatures, inasmuch as they are 
converted into the corresponding nitrile# when they are very 
strongly heated, 

2KNO s «2KN() 4 + O a . 

In presence of lead, this decomposition takes place at lower 
temperatures (about 8W), and in preparing sodium nitrite 

* A'»n Ijy treating hydrazine with nitrous acid in aqueous solution, 
N-jII4-HlJNGy~x.il * 21**0. 
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commercially, lead is added to the fused nitrate (Cbili 
saltpetre;), 

NaN0 3 + Tb = NaNO a + PbO. 

The product is run into water, the solution (which contains 
sodium hydroxide in small quantities) is neutralised with 
nitnc acid, and after tlu* lnsoluhle lead oxide is separated, 
tin* liquid is evaporated and then allowed to crystallise. 
Potashimn nitrite i.-» prepared from nitre in a similar manner. 

Sodium nitrite, NaNO, 2> and potassium nitrite, KNO.,, 
are leadily soluble, in water. When an acid (hydrochloric, 
sulphuric, acetic, &c.) is added to their solutions, nitrous 
acid is liberated ; hut if the solution is not very dilute most 
of tbe acid immediately decomposes into its anhydride and 
witter, 

21LNO,- N s O a 4 11,0, 

and a brown gas is evolved (see below). Nitrous acid, like 
carbonic acid, exists only in ro/d dilute aqueous solution, and 
such a solution has a pale-blue colour. It liberates iodine 
from potassium iodide (p. -1 1 0), 

KI + lINOj KNO, + HI 

2111 + 211 N( ) , 2N O + I, + 2H 2 () ; 

and in tliis reaction acts as an oxidising agent, being itself 
reduced to nitric oxide. Towards potassium permanganate, 
however, it acts as a reducing agent, and is converted into 
nitric acid, 

2KMn( + 3II..KO, + 5TINO.,- 

K,S() t + 2MnSO. + fiHNO,, + 311,0. 

Nitrites are easily deluded by their behaviour towards dilute 
acids. 

l^irge quantities of nitrites are used in the colour industry, 
and nitrous acid is a very important- reagent in the study of 
carbon compounds. • 

Nitrous anhydride, N 2 O a , one of the live oxides of nitro- 
gen (p. 270), is not a very stable compound at ordinary 
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temperatures. It is obtained ns a green liquid when sodium 
or potassium nitrite, is treated with dilute sulphuric acid, and 
the evolved gas, (tried with the aid of calcium chloride, is 
led into a vessel immersed in a freezing mixture, of ice and 
salt (footnote, p. 8). 

A similar product is obtained when arsenious anhydride 
(p. 555) is very gently warmed with concentrated nitric acid, 
and the evolved gas is treated in the manner just described; 
in this reaction the nitric acid is reduced to nitrous acid, and 
the arsenious anhydride is oxidised to arsenic acid (p. 558). 

Nitrous anhydride dissociates very readily, and at ordinary 
temperatures it is converted into a dark-brown mixture of 
nitric oxide and nitrogen dioxide (or tetroxide, p. 350), 

yj >,. ^ N ( ) + N IK, ; 

but apparently this change only takes place', in presence of 
moisture.* 

Nitrosyl chloride, NOC1, the chloride of nitrons acid, is formed 
by the combination of chlorine and nitric oxide, and also when 
nitric and hydrochloric acids aie mixed (aqua. regia, ]>. 2.‘i6), 

riNo, » »ncuxor]+(?i 2 +2iJ...o. 

It is obtained as an mange gas when riitrosx lsnlphnric acid (p. 486) 
is heated with sodium chloride, 

SO.,(O N())OH f XaCl -- NOC! + XaTTSO* 

On hydrolysis will) alkalis, it gives a nitrite and a chloride, 

XOC1-I 2XaOK|r. NaXOo + NaCM -j H J ). 

Hyponitrous acid, Ii 8 X 2 0 2 qr II O-N - N ()- II, is obtained 
in the form of its sodium salt when sodium nitrate (or nitrite) is 
reduced with sodium amalgam (p. 670) and water, 

2XaXO,d SH -NaoN.I >.,4 4IJ..O. 

It is also produced by the interaction of nitrons acid and hydroxyl- 
amine, 

TIO-NO + N H./OTT HO N : NON v H/). 

It is a crystalline exp1osi\ e compound, and is only a weak acid. 
It decomposes spontaneously even in aqmjous solution, giving its 

* The results of density determinations, made with the very carefully 
dri -.I g;** seem toshowtlpit t.h« molecules, X 2 0 3 , are associated nt ordinary 
tempuratr^eB. 
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| anhydride (nitrous oxide) and water.* It forme both normal and 
! acid sails. Its silver salt, A«* s N a (> 2 , is insoluble in water. 


Nitric Acid, IIN0 3 or 



- OH, and its Derivatives. 


In the preparation of nitric acid (p. 236) on the large scale, 
sodium nitrate and sulphuric acid are heated together in cast- 
iron cylinders or retorts, and the reaction is represented by 
the equation, 

NaN-C > ;J + H s S 0 4 - HNO, + NaHS0 4 . 


The nitric acid vapour is condensed in a series of earthen- 
ware Woulfe’s bottles or in a series of vertical earthenware 
pipes.! 

When two molecular proportions of the nitrate are used, 
a higher temperature is required to complete the double 
decomposition, 


SNaNO, + II s S0 4 - 2HNG 3 + Na 2 S0 4 , 

and in the later .stages the following changes occur, 


4NaNO a + 4NaHS< ) 4 - 4Na 2 S0 4 + 4N0 2 + 2H 2 0 + 0 2 . 


The nitrogen dioxide (tetrnxide) thus produced dissolves in 
the nitric acid which lias already distilled, giving a reddish- 
brown fuming liquid (‘red fnwintj nitric acid 7 ) which is 
often used for oxidising purposes. 

Chili saltpetre contains chlorides, and commercial nitric 
acid therefore may contain chlorine, nitrosyl chloride, and 
oxides of nitrogen. These impurities may l>e removed by 
passing air through the gently heated acid. Sulphuric acid, 
iodic acid (p. 436), and dissolved salts may also be present, 
but may he got rid of by distilling the nitric acid. 


* Although nitrous oxide is formed when a solution of hyponitrous acid 
is heated, and may therefore Vie regarded ns the anhydride of hyponitrous 
acid, the acid is not produced when nitrous oxide is treated with water. 

fin one process the whole operation is'* carried out under reduced 
pressure, whereby the reaction is completed at a lower temperature and 
the decomposition of the nitric acid is avoided. 

Incog. 2 II 
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Aqueous solutions of nitric acid, when distilled under a 
constant pressure, ultimately give a distillate of constant 
boiling-point (compare p. 418); the solution obtained under 
atmospheric pressure boils at 120 ’5°, and contains 68 per cent, 
of HNU 3 . 

Except when, nitric acid is used in preparing salts from 
metals, oxides, hydroxides, carbonates, &c\, its employment 
in the laboratory is principally due to the fact that it is a 
vigorous oxidising agent. The nature of the reduction 
product formed from the acid depends not only on the 
substance which is oxidised but also on other conditions, 
more especially on the temperature and concentration of the 
acid. Thus, when copper is treated with concentrated nitric 
acid, the latter is reduced to nitrogen tetmxide (N y 0 4 or 
NO.,), whereas with a more dilute acid, nitric oxide i> obtained 
(l>. 243). 

If different reducing agents are employed and the conditions 
varied, the following reduction products of nitiic ,n id may lie 
obtained ; the equations arc 1 merely intended to show the 
progressive character of the reactions, the extent of the 
reduction being expressed in terms of hydrogen (footnote., 
p. 285) : 

2ILNO3 + 2H = N 2 () 4 + 211 J ) 

2ILN r O a + 4H = X 2 ( > 3 + 311.“o (or 2HN0 0 + 2H 0 0) 
2TIXO3 + 6II = 2X0 + 4H*0 
2IINO3 + 8H=N 2 0 4-511/) 

2IL\O ;J+ 10H-N, + 6II 2 O 
211X0,+ 12H-2NJI./OH + 4TI/> 

2HX0 3 +1411 = N 2 H 4 + 61I 2 0 
2HN0 a + 1611 - 2NH 3 + 6H 2 0. 

The conditions under which most of these reduction products 
may be prepared have already been stated. 

The final reduction product, namely, ammonia, is produced 
whe,u a nitrate (or a nitrite) is heated with zinc dust (p. 626) 
and caustic soda, dnd the quantity of nitric acid (or of 
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nitrate) in a solution may he estimated with the aid of this 
reaction, as tin*- ammonia which is formed may he determined 
vnlumctrically (p. 268). 

Nitric acid oxidises so many compounds that only a few of 
these can he mentioned. Thus it oxidises sulphur (p. 246), 
iodine (p. 436), phosphorus (p. 548), antimony (p. 564), tin 
(p. 592 ), and carbon,* and except in the case of iodine and 
sulphur, gives rise to the highest oxide of the element. It 
oxidises most metals, converting them into their nitrates 
(p. 245). It oxidises three of the, halogen acids, hydrogen 
sulphide, and most of the metallic sulphides. It oxidises 
the lower oxides of non-metals and of metals, and also salts 
derived from the lower metallic oxides, the higher oxides or 
their derivatives being formed ; thus sulphur dioxide is con- 
verted into the trioxide, arseuious unhydride into arsenic 
anhydride (p. 557), and ferrous into ferric salts, 

6FoS< > 4 + 31I,K< > 4 4 - 211 N ( > H 3Ke,(SO t ), + 411,0 + 2X0. 

Since in many of these oxidations the nature of the products 
depends on the conditions, the equations which are given 
in particular cases may represent only some of the more 
important results of the reaction. 

Tin* presence of free or combined nitric acid may he detected 
by the ‘brown-ring' test. The substance, is mixed with 
excess of concentrated sulphuric acid, which liberates nitric 
acid if a nitrate is present, and a solution of ferrous sulphate, 
is carefully poured on to the surface of the cold mixture. 
The production of a brown or black solution where the 
two liquids come into contact shows the presence, of nitric 
acid. The nitric acid is reduced by the ferrous sulphate 
(see above), and the nitric oxide thus produced dissolves in 
the ferrous sulphate solution, giving a dark liquid, which 

* A glowing stick of charcoal fixed to a long wire and cautiously dipped 
into warm red fvmint; nitric acid (p. 520) ofhtinues to burn much more 
vigorously than in the air, and a brown gas (NO?) is evolved in large 
quantities. The nitric acid is idaoed in a beaker, •which, for safety, stands 
in a Large glass cylinder. 
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probably contains the compound FeS0 4 ,N0. On this solution 
being heated, nitric oxide is liberated (p. 245). 

Free nitric acid may be estimated vnlumetrically, in absence 
of other acids, by titration with a standard solution of sodium 
hydroxide. Combined nitric acid — that is to say, nitrates — 
may be estimated by the method already mentioned ; also by 
converting the whole of the nitric acid into nitric oxide, and 
then measuring the volume of gas produced. 

In the latter method, the * nitrometer, 1 shown in fig. 101 
(p. 476), is used, the bottle (/>) being disconnected. The 
nitrometer tube (r) is completely filled with mercury by 
raising the reservoir (^), which also contains mercury. A 
weighed quantity of the nitrate dissolved in the minimum 
quantity of water is placed in the cup ((/), and by open- 
ing the 3-way tap the solution is run into the nitrometer 
(the reservoir having been lowered) without admitting air. 
Concentrated sulphuric acid is then poured into the cup and 
cautiously run into the nitrometer. The tap having been 
closed, the contents of tin* tube are vigorously shaken. The 
nitric acid, liberated from tin* nitrate by the sulphuric acid, 
now reacts with the mercury, and is reduced to nitrir osirlr, 
the volume of which is subsequently measured under known 
conditions of temperature and pressure. 

The decomposition of the nitric acid is expressed by the 
equation, 

2HNO, + 3Hg + 3II 2 S0 4 - 2 N< > + SHgKO, + 4H 2 0, 

so that 1 gram -molecule of the acid gives 22’4 litres of nitric 
oxide, at N.T.P. 

Several of the more important vit rates have already been 
described (pp. 240-242), and the general properties of 
the nitrates have been noted ; other nitrates are mentioned 
later. 

C)\ 

Nitry] chloride, Hr X Cl, is said to he obtained as ft 

yellow liquid (b.p. 5“) by carefully treating pure nitric acid with 
plmspho *iis pentachloride (p. 045), nnd also by the combination of 
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nitrogen tetroxide and clilorine ; it is hydrolysed by water, giving 
nitric and hydrochloric acids. 


The Constitution of Nitric Arid and of other Nitrggen Com- 
pound*. —The existence of ammonia and of many compounds 
closely related to ammonia shows that nitrogen may be 
tervalent. On the other hand, the existence of ammonium 
chloride and of many other compounds of a similar type 
shows that the element may he quinquevalent. If now the 
structure of nitric acid is considered, it may he concluded 
that the molecule of the acid contains a hydroxyl-group, 
because the acid is formed by the direct union of its anhydride 
with water (p. 46K). 

The structure of the acid, therefore, may he represented 


O 


by the formula I yNOlI or For reasons similar 


to those given in discussing the constitution of sulphuric acid 
(p. 492) the second of these formulas is usually adopted, and 
nitrogen in nitric acid and in nitric anhydride is regarded as 
being, quinquevalent. The structure, formula of nitrous acid 
(p. 526) is also based on the evidence that the molecule 
contains a hydroxyl-group and on considerations of valency. 

In the case of the oxides of nitrogen the following formulae 
are sometimes employed : 

!> o Nu °<'5io °= N U -<o o>-°" N <o : 


that of N a ()j is based on the fact that this oxide, combines 
with water to give both nitrous and nitric acid, so that it may 
be regarded as a mixed anhydride, (p. 441). 
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CHAPTER LII. 

Phosphorus and its Compounds. 

Phosphorus, P 4 ; At. Wt. 31. 

Two important varieties of the element- phosphorus are 
known. One of these, namely, colourless phosphorus (often 
dll Uul yellow phosphorus), seems to have heon discovered hy 
Brandt in 10(59, the other, a much less active form, known 
as mi phosjthorus (sometimes us amorphous phosphorus), was 
discovered hy v. Schrdtter m 181"). 

Even tin* less active variety does not occur in tin* fret* state, 
and the only abundant compounds of the clement are cer- 
tain salts of phosphoric acid, H 3 P0 4 , more especially calcium 
phosphate, Ca a (P0 4 ) 2 . 

This compound is very widely diffused ami is present in 
small quantities in nearly all rock materials ami in all fertile 
soils. Phosphates are essential to tin*, lift* of plants, ami the 
phosphates or other phosphorus eompounds contained in 
plants are equally essential to the life, of the higher animals. 
The brain, nerve tissue, and many other important parts of 
the animal organism contain coni] ilex phosphorus compounds 
related to the albuminoids (p. 514), and the ‘mineral matter* 
of the hones of vertebrates consists principally of calcium 
phosphate. Phosphates are excreted by animals : sodium 
ammonium phosphate (p. 548) occurs in the urine, and a large 
proportion of guano and of eoprolites (fossil dung) consists of 
calcium phosphate. 

Calcium phosphate is found in large beds of fossil hones in 
North America (Florida, South Carolina), and in Algeria; in 
kjpain , as the mineral p)ios] thorite. 

Apa*He is a crystalline mineral consisting of calcium phosphate 
and calcium chloride or calcium fluoride, and its composition is 
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represented by the formula 3Ca^(l ) (3 4 ). J , CaXg, where X represents 
an atom of chlorine or of fluorine ; this mineral is a very common 
component of rocks, and occurs in large quantities in parts of 
Canada. • 

At one time all commercial phosphorus was made from the 
calcium phosphate contained in hones. The hones were strongly 
heated in the ail in order to burn away the organic matter con- 
tained in them, and the crushed product, bone - ns/i t consisting 
principally (S3 S4 per cent.) of calciuln phosphate, was treated with 
dilute sulphuric acid in ordei to convert the calcium phosphate 
into phosphoric acid, 

Ca a ( P0 4 ) y + 3 1 T -S0 4 — 2H 3 1 *0 4 + 3CaS0 4 . 

The solution of the acid was then decanted from the piecipitated 
calcium sulphate, evaporated to a syrup, and mixed with charcoal 
or coke, after which the pasty maws was dried and heated to a dull 
red heat ; under these conditions the phosphoric acid was converted 
into lnetaphnsphoric acid (p. 547), 

- HP< + H 2 0. 

The mixture of metaphosphoric acid and carbon was finally heated 
at a very high temperature in bottle-shaped iron vessels ; phos- 
phorus then distilled over, together with carbon monoxide and 
hydrogen, ami the vapour was condensed in receivers containing 
warm water. In this process it may he supposed that the meta- 
phosphoric acid decomposes into its anhydride P y 0 6 and water, 

211 P0 3 — H.gO + P 2 0 3 , 

and at the very high temperature employed lioth these products 
are rcdnced l»y carbon, 

8PA f- 100 = 1> 4 + 10CO 

2H s O +20=2C0 4 2H 2 ; 

the final results are expressed by the equation, 

4HPC), + 12C * P 4 + 1200 + 2H a . 

Phosphorus is now prepared l>y heating an intimate mixture 
of calcium phosphate (fossil or mineral phosphate, also lioue- 
ush), sand, and carbon at a very high temperature in an electric 
furnace (p. 2911). The calcium phosphate is decomposed by 
the silica, giving calcium silicate and phosphorus pentoxide, 

Cu 8 (P0 4 ), + 3SiO» =.. SCnSid, + 1 J 2 0 6 , 
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and the latter is then reduced by the carbon with formation 
of phosphorus and carbon monoxide, 

2P a 0 6 + J0C-P 4 +10CO. 

The phosphorus vapour is passed into a copper receiver con- 
taining warm water, and the liquid phosphorus is then run 
into cold water. 

The product contains lower oxides of phosphorus and other 
impurities; it is agitated with a warm dilute solution of 

potassium dicliromate 
and sulphuric acid, in 
order to convert these 
impurities into soluble 
compounds, and the 
liquid phosphorus is 
then usually cast into 
sticks. 

A form of electric 
furnace used in the 
manufacture of phos- 
phorus is shown in 
fig. 105. The material 
is introduced into the 
hopper (a), whence it 
is passed into the 
small ante-chamber (5), 
the top and bottom 
Fig. 105. of which consist of 

movable plates (c f c) ; 
from this chamber it is forced into the furnace by means 
of the screw (d). The carbon electrodes (e, e) pass through 
metal casings which are connected to the poles of an alter- 
nating dynamo. At the commencement of the operation, 
instead of these electrodes much smaller rods (/, f) are used ; 
fhe latter are pushed through channels in the Vails of the 
furnace, and are withdrawn again when the resistance of 
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the furnace contents lias diminished sufficiently to enable 
the current to pass between the larger electrodes. The gases 
and vapours (‘scape through the tube (//), and the phosphorus 
is condensed in copper receivers; the fused inass of. calcium 
silicate, &c., flows away through the opening (h). 

Colourless phosphorus, the variety of the element prepared 
as described above, is (when pure) a translucent, waxy, 
crystalline, solid, which soon becomes superficially yellow on 
exposure to light owing to the formation of traces of red 
phosphorus. It melts at 44° and boils at about 290°; its 
sp. gr. is 1*84. It is generally kept under water, in which 
it is insoluble, as it is very liable to take fire spontaneously 
*on exposure to the air at ordinary temperatures.* 

Red phosphorus, a dull purple-red crystalline solid, of 
sp. gr. 2*2, often spoken of as amorphous phosphorus, is 
very slowly formed when colourless phosphorus is heated at 
about 250° out of contact with the air. 

This may be shown by suspending a small hermetically sealed 
glass tube containing a little colourless phosphorus in the vapour 
of boiling diphenylamine (b.p.’310 J ) ; if the diphenylamine is gently 
boiled in a long-necked flask a condenser is not required. 

Red phosphorus is prepared commercially hy heating colour- 
less phosphorus at about 250° in a glass or porcelain vessel, 
which is embedded in sand contained in an iron pan ; 
the vessel containing the phosphorus is provided with an 
air-tight cover through which passes a tube with its free end 
dipping under water. When most of the air has been ex- 
pelled from the vessel by the application of heat, this tube 
is closed with a tap and the phosphorus is heated until the 
change into the red form is practically complete. 

The product is ground to a paste with water, boiled with 
sodium hydroxide solution in order to extract unaltered, 
colourless phosphorus (see p. 538), washed with water, and 
dried. 9 

The change from colourless to red phosphorus takes place 
* Compare footnote, p. 84, as to the danger of handling phosphorus. 
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very slowly at 250°, but in presence of a little iodine 
(which forms phosphorus iodide) it' occurs rapidly at 180° 
and slowly even at ordinary temperatures. The iodine, or 
phosphortis iodide, acts as a catalytic agent. 

Colourless and red phosphorus differ from one. another in 
a very striking* maimer both in physical and in chemical 
properties , sume of the more important differences are 
summarised below. 


Colourless (Yellow) 
Phosphorus. 

Very readily soluble in 
carbon disulphide and sol- 
uble in many other carbon 
compounds. 

Melts at 44 , and immedi- 
ately takes fire when melted 
in the air. 

Combines slowly with at- 
mospheric oxygen at ordinary 
temperatures, showing phos- 
phorescence (p. 540). 

Dissolves chemically in hot 
sodium hydroxide solution, 
giving phosphine (p. 541). 

Very poisonous. 


Rei> Phosphorus. 
Insoluble in all liquids. 


Melts at about 550 J when 
quickly heated in absence of 
air; bikes fire at about 240’ 
in tie* air. 

Does not change when 
exposed to the air. 

Insoluble in, and not acted 
on by, hot sodium hydroxide 
solution. 

Noil-poisonous. 


In spite of these great differences, the two varieties of 
phosphorus are composed of the same, matter, and may be 
converted one into the other without undergoing any change in 
weight. Colourless phosphorus, hermetically sealed in a glass 
tube containing nitrogen or some other inert gas, is transformed 
into red phosphorus at 250 ’. Kcd phosphorus under similar 
conditions, hut at higher temperatures, is converted into a 
vapour which, when nooled, gives colourless phosphorus. 
Equal weights of the two forms separately burned in excess 
of dry oxygen give equal weights of phosphorus pent oxide. 
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Concerning the relationship between these two forms of 
the element phosphorus, it may first he noted that from 
determinations of the vapour densities of many phosphorus 
compounds, such as phosphine and phosphorus trichloride, 
the atomic weight of phosphorus, based on its equivalent, is 
known to he 31. The density of phosphorus vapour (hot' ween 
515° and 1000') is 62, corresponding with the molecular 
weight 124; hence the vapour of phosphorus (from either 
the colourless or the red form) consists of tetratomic 
molecules, P 4 . It has also been found by cryoscopic and 
ebullioscopic determinations that colourless phosphorus is 
totratomic in solution ; but. jxs no solvent for red phosphorus 
is known, its molecular weight in the dissolved state cannot 
he determined. The relationship between the. two solid 
varieties of phosphorus, therefore, is unknown. 

It may be that the molecules of red, are. different from 
those of colourless, phosphorus, as those of oxygen differ 
from those, of ozone (p. 466); or that the two forms con- 
sist of identical molecules which are. differently arranged in 
the two crystalline substances, as probably is the case with 
the rhombic and moiioclinic forms of sulphur. 

Whatever the difference may be, it is known that red 
phosphorus is much the more stable form, and that the 
transformation of colourless into red phosphorus is accom- 
panied by a very considerable development of heat; as, 
however, red phosphorus is not a definite substance, but is 
probably a solution of colourless in ‘metallic* phosphorus, 
nr a mixture of several varieties of red phosphorus, the 
development of heat is not constant, and even tin 1 ordinary 
properties of red phosphorus depend on its method of pre- 
paration. 4 Metallic 9 phosphorus (Hifctorfs phosphorus) is a 
dark-red crystalline substance which is formed when colour- 
less phosphorus is heated with lead at high temperatures ; 
it resembles red phosphorus iu proposes. 

Colourless phosphorus emits a faint, j>ale greenish -yellow 
light, which is visible only in the dark, when it is exposed 
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to (atmospheric) oxygen ; from this phenomenon, termed 
ph os f thorese <mc<\ the element derives its name.* 

The phosphorescence is due to atmospheric oxidation. It 
seems probable that phosphorous anhydride is first formed, 
and that this compound then combines with oxygen to form 
phosphoric, anhydride with development of light and heat'. 
Other products (ozone, hydrogen peroxide) are also formed, 
and a characteristic garlic like odour is observed. 

Colourless phosphorus may he detected by boiling it, or 
any substance, suspected of containing it, with water, in a 
flask provided with a long glass tube; in the dark a pale, 
greenish-yellow phosphorescence is seen where the steam 
containing phosphorous vapour and rising in the tube comes 
into contact with the air. 

Colourless phosphorus is a very active element; it burns 
in the air (p. 92) and in chlorine, (p. 141), combines 
explosively with bromine (p. 411), unites vigorously with 
iodine, and so on ; it gives three compounds with sulphur, 
and unites with certain metals, forming phosphides. Red 
phosphorus, of course, gives the same compounds as colourless 
phosphorus, hut not so readily. 

The principal use of phosphorus is for making matches. 

Ordinary matches, w hicli strike on sandpaper or on any rough 
surface, consist of stiips of wood coated with paraffin- wax, the 
heads being made of a paste of colourless phosphorus, gum, and reel- 
lead (or some other oxidising agent such as lead dioxide, lead 
nitrate, &c.). The heads of safety -matches may consist of a 
mixture of antimony sulphide, potassium chlorate, ami gum, and 
are rubbed on a surface of a mixture of red phosphorus, anti- 
mony sulphide, powdered glass, and glue; but many different 
preparations are used. The principle in all cases is that the heat 
developed bv friction starts a vigorous chemical change. 

* When a solution of colourless phosphorus in carbon disulphide is 
poured on filter-paper, the solvent rapidly evaporates, and the thin layer 
of phosphorus thus fort tied ^oxidises so rapidly that it takes fire; in the 
dark, phosphorescence is distinctly observed just before the phosphorus 
fnflaiucj. * 
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Hydrides of Phosphorus. 

Phosphorus and hydrogen combine* even less readily than 
do nitrogen and hydrogen ; nevertheless several hydrides of 
phosphorus are known. 

Phosphine {hydrogen phosphide), PTI 3f is formed when 
calcium phosphide # is placed in water, 

GttjjPg + 611,0 = 2PH S + 3Ca(OH) 2 , 

and also when colourless phosphorus is heated with a solution 
of potassium hydroxide (see below), 

P 4 + 3K0H + 311,0 - Pll { + 3KH 2 P( ).,t 

It is a colourless, very poisonous, disagreeably smelling gas, 
and is only sparingly soluble in water, in which respect it 
differs widely from ammonia; it burns in the air, giving 
phosphoric acid, 

2PH ;1 4- 40 2 — 2H 8 P0 4 , 

and is readily (lecomj)osed into its elements when it is heated 
out of contact with oxygen. 

Phosphine* combines with the halogen acids, giving com- 
pounds of the formula P1I 3 , HX or PII 4 X, where X represents 
an atom of a halogen. These compounds are called phos- 
phoniiim salts, as tliey are of the same type as the ammonium 
salts, but they are, very unstable and are decomposed by 
water, with liberation of phosphine. 

Phosphonium iodide, PH 4 I, is the most stable and the 
best-known phosphonium salt ; it is a colourless crystalline 
substance, which is often produced (owing to the occurrence 
of secondary reactions) in tin* preparation of hydrogen iodide 
from iodine, red phosphorus, and water (footnote f, p. 422). 

Liquid hydrogen phosphide, l\,H p is formed, together with 
phosphine and potassium hvpophosphite, when colourless 

# Calcium phosphide is obtained in a very » impute state as a brown 
powder by gradually adding phosphorus t.o heated lime. The gas produced 
when the phosphide in thrown into water takes tiry spontaneously. 

t Potassium hypopliosphite (p. 551). 
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phosphorus is heated with potassium hydroxide solution ; as 
the liquid phospliido takes lire spontaneously on exposure to 
the air, iiie preparation of phosphine is carried out in the 
apparatus shown in fig. 106, the. air in the flask being first 
displaced by coal-gas. When the bubbles of gas rise to the 



surface of the warm water* in the trough they take lire 
spontaneously and ‘smoke-rings’ of fumes of phosphoric acid 
are formed. 

A similar spontaneously inflammable product is obtained 
by the action of water on calcium phosphide. From such 
mixtures most of the liquid hydride may be separated by 
passing the gas through well-cooled U tubes. 

One, or more solid hydrogen phosphides are also known. 

* LMchh tlifl water ta warm the end of tliu deli very -tube may get 
choked \,p with phosphorus. 
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Halogen Compounds of Phosphorus. 

Phosphorus combines readily with all the halogens, forming 
compounds of the type PX 3 or PX 5 , in which the phosphorus is 
either ter- or quinqun-valent ; it also gives rise to oxyhalogeu 
compounds sueh as jdHMphortnt oxychloride, POCl s , which may 
be regarded as derivatives of pliosphoric acid, PO(OIi) 3 . 

The halogen compounds are all obtained by the direct 
combination of their constituent elements, and the only 
difficulty in preparing them consists in moderating the vio- 
lence of the reaction. When excess of phosphorus is used 
the. compound of the type- J*X 3 is obtained ; but when excess 
of halogen is present this product is converted into one of 
the Lype PX 5 , except in the case of the iodide. The more 
important halogen derivatives are the following: 

Phosphorus trichloride, PC1 S . Phosphorus tribromide, PBr s . 
Phosphoms pentaeliloiide, PC1 0 Phosphorus pentabromide, PHr v 
Phosphorus tri-iodide, PI tJ . 

Phosphorus trichloride, PCI.,, is prepared hy passing dry 
chlorine over colourless phosphorus until all the solid dis- 
appears ; the product is then purified by distillation. 

The phosphorus is placed in a retort (lig. 107) connected 
with a receiver, and the air in the apparatus is displaced hy 
dry carbon dioxide ; a stream of dry chlorine is then led into 
the retort. A development of heat occurs, and most of the 
trichloride volatilises; as soon as the phosphorus has dis- 
appeared the retort is gently heated (on a water-bath), in 
order to distil the rest of the product, and the whole is then 
puvified by distillation. The. larger wash-bottle., which contains 
sodium hydroxide solution, serves merely to prevent the 
escape, of chlorine, or phosphorus trichloride, into the room. 
Phosphorus trichloride . is a mobile liquid (h.p. 76"), having 
a pungent, very disagreeable smell ; it fumes in the air, and 
when poured into water is vigorously hydrolysed, giving 
hydrochloric and phosphorous acids (p. 551), 

PClg + 3H s O - 3HCI 4 P(OH) 8 . 
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Phosphorus tribromide, PBr 3 , may be prepared by gradu- 
ally adding bromine, which is dissolved in carbon disulphide 
(in order to moderate the reaction) to dry red phosphorus 
until the latter disappears ; the product is separated from 
the solvent by fractional distillation. It boils at 175°, and 
resembles the. trichloride. 

Phosphorus tri-iodide, PI 3 , is prepared by gradually adding 
iodines to colourless phosphorus, both the elements being dis- 
solved in carbon disulphide ; the product remains as a red 
solid when the solvent is distilled oif. 



Fig. 107. 


Phosphorus pentachloride, Prig, is obtained by treating 
phosphorus with excess of chlorine, and is prepared by 
passing dry chlorine over the surface of the trichloride; an 
apparatus like that shown in fig. 107 is used. The penta- 
chloride is a colourless crystalline solid, which sublimes and 
dissociates (p. 366) when it is heated. 

^HJla + Clj. 

It. is violently hydrofysed by water, giving hydrochloric and 
phosphoric acids, # 

PC1 6 p 4 HjjO ~ 5IIC1 + II 3 P< > 4 . 
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It may he supposed that in this change each of the chlorine 
atoms is displaced hy a liydroxyl-group, giving the unstable 
compound P(OII) 5 , which immediately lowses the elements of 
water, giving PO(OII) 3 . 

Phosphorus pentabromide, PBr 6 , is obtained by adding 
bromine to the tribromide; it is a yellowish crystalline* solid, 
similar to the pentachloride in chemical properties. 

Phosphorus trifluoriile , PF 3 , and the pentafluoride, I J F f , 
are colourless gases ; a red crystalline iodide, P 2 I 4 , is 
known. 

The tri- and penta-lialogen derivatives of pliospliorus are 
important reagents, as they are used for preparing many 
halogen compounds. When a substance which contains one 
or more hydroxyl-groups is treated with one of these phos- 
phorus halides, each of the hydroxyl-groups is displaced by 
an atom of halogen. Tlius water, H — Oil, gives a halogen 
acid, H-X; nitric acid, NO./OH, gives nitryl chloride, 
N0 2 C1; sulphuric acid, S() 2 (OH) 2 , gives sulphuryl chloride, 
S0 2 C1 8 (p. 492); alcohol (p. 126), wliich lias the formula, 
C 2 H 5 *()H, gives ethyl chloride, C.,li 5 Cl ; and so on. 

/Cl 

Phosphorus oxychloride, P0C1 3 or 0 = P— Cl, is formed 

\ci 

when water is very cautiously added to phosphorus penta- 
chloride until the solid disappears, 

PC1 5 + H.,0 = POC1, + 2HC1 ; 

the product is isolated by fractional distillation. It is a very 
disagreeably smelling liquid (l>.p. 107°), which is rapidly 
hydrolysed hy water, giving hydrochloric and phosphoric 
acids, 

P0C1 3 + 311,0 = PO(OII) 3 4- 3IIC1. 

Phosphorus oxybromide, POBr 8 , is a crystalline solid pre- 
pared from the pentabromide in a similar manner. 


lndrg. 


a i 
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OXIDES AND OXY-Aoms OF 1 blOSPIIOTtUS. 

Phosphorus combines very readily with oxygon, and forms 
several oxjde.s, hut none of tlje.se is a basic oxide. The only 
important oxide is phosphorus pentoxide, P*<) & , the highest 
oxide of phosphorus. Tins substance is an anhydride, and 
corresponding with it are three. oxy-acidsof phosphorus, which 
aiv described below. 

Phosphorus pentoxide or phosphor ir anhydride, P a () fi , is 
obtained when phosphorus is burnt in the an* ; when the 
supply of oxygen is limited some red phosphorus and lower 
oxides of phosphorus are also formed ; but these impurities 
may he oxidised to the pentoxide by subliming the impure 
product in a stream of dry oxygen. 

It is a colourless solid which sublimes at high temperatures. 
Its use in the laboratory for drying gases (p. 85) and liquids 
depends on tlus fact that it combines very readily with water 
to form luetapliosphoric and (see below). 

Phosphorus trioxide or phosphorous anhydride, P 2 0 3 , is 
formed when phosphorus is burnt in a liinifet? supply of air. 
It is a coloiuless solid (m.p. --'5 ), but it boils at relatively 
low tempeiutures (173 ), and is therefore easily separated 
from any pentoxide. (which may be formed with it) by dis- 
tillation in a dry atmosphere. 

It combines with cold water, but only slowly, giving 
phosphorous acid (p. 551). 

The vapour density of phosj horns pentoxide corresponds 
with that required by the molecular formula P 4 Ojo» and that 
of phosphorus trioxide corresponds with the formula P 4 0 lt ; 
as the substances are generally called by the. names just used, 
the simpler formula* IV U and IV 1, nre commonly employed. 
Tiiis is all the more permissible because it is possible to 
regard the existence, of the. more complex molecules P 4 0 6 
and P 4 0 Jf , as examples of association (p. 384). 

Phosphorus tetroxide, Po?> 4 , is formed, together with phosphorus, 
when the trioxide is tiered at 400' ; it is crystalline, and with water 
it gives phosphorous and phosphoric, acids. 
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The Phosphoric Acids. 

Phosphoric anhydride combines with water, giving a mono- 
basic acid, which is called wctfaphosphoric acid, 

p,o :> +H 2 o = mpo 3 . 

When this acid is boiled with water it is slowly converted 
into a tribasio acid, known as or/7n>phosphoric acid, 

IIPOjjH- lh/ ) - IljjP( 

When ortho] diosphoric acid is heated at about 255° it 
loses the elements of water and gives a tetrabasie acid, jryro- 
pliosplioric acid, 

21I a P0 4 = ir 4 P.,0 7 + H.,(). 

As these three acids are all derived from one. and the same 
anhydride 1 , they all contain phosphorus in the particular stage 
of oxidation m which it exists in this, its highest, oxide. 
Consequently, in order to distinguish between the different 
acids, the prefixes ortho-, vtefa-, and i>t/ro- are* employed. 

The only approach to a system m the use of the terms 
ortho- and meta- lias already been pointed out; the term 
pyro- used hen* and in other eases is an indication that the 
compound in question was first obtained by a reaction which 
! involved the application of heat. 

Metaphosphoric acid, IIPU 8 or ^\P- OH, is obtained as 

a vitreous solid when phosphoric anhydride is left in moist 
air. It is soluble in water, and when its solution is neutralised 
with sodium carbonate, sodium metaphosphate, NaPO ;{ , is 
formed. With this solution, silver nitrate gives a colourless 
precipitate of silver metaphosphate, AgPO r 

Metaphosphoric acid gives rise to several different series of salts 
which are derived from polymeric forms (p. 583) of HPOj, such as 
(HPO,)* <llPO a )„ and (UP0 3 )„. 

Orthophosphoric acid, H.,P(> 4 hr 0~-P(0H) 3 (commonly 
called phosphoric acid), is formed when metaphosphoric acid 
is boiled with water ; also when phosphorus (colourless or 
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red) is warmed with nitric acid until it is completely oxidised. 
In the latter method, the unchanged nitric acid is afterwards 
expelled by evaporating the solution and then repeatedly 
adding a litfle water and evaporating after each addition. 

Phosphoric acid is crystalline, deliquescent, and very soluble 
in water; the solution shows the ordinary properties of a 
weak acid. The acid is not volatile ; at very high tempera- 
tures it is converted into metaphosphoric acid, which only 
volatilises at a bright red heat. Owing to its non- volatility 
phosphoric acid cannot he prepared from its salts by merely 
heating the latter with sulphuric acid (p. 359), although these 
salts are easily decomposed by sulphuric acid. 

Phosphoric acid gives three series of salts which are dis- 
tinguished as primary, secondary, and tertiary phosphates. 
The tertiary phosphates are normal salts, but the secondary 
and primary phosphates are acid salts (p. 258). As examples, 
the names and for mu he of the sodium and calcium salts are 
given below : 

Normal (or tertiary ). Secondary. Primary. 

Na.jP0 4 ‘ Na 2 HP0 4 NaH,P0 4 

Sodium phosphate Disodium hydrogen Sodium di hydrogen 
phosphate phosphate 

Ca3(P0 4 ) 2 CaHP0 4 Ca(H,P0 4 ) 2 

Calcium phosphate. Calcium hydrogen Calcium dihydrogen 
phosphate. phosphate. 

Salts which contain two different metals or metallic radicles 
may also he obtained. Thus sodium ammonium hydrogen 
phosphate, Na(NH 4 )HP0 4 , 4H,,0, is a fairly common sub- 
stance (known as microcosmic salt) in which one hydrogen 
atom of the acid 1ms been displaced by the univalent sodium 
atom, another by the univalent ammonium radicle. Mag- 
nesium, ammonium phosphate, Mg(Is T H 4 )P0 4 , is a well-known 
compound produced by displacing two of the hydrogen atoms 
by the divalent magnesium atom and one by the ammonium 
radicle. • 

When the acid phosphates (primary or secondary) are 
strongly heated, they rfecompose with loss of the elements 
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of water; the primary salts are thus converted into meta- 
phosphates, 

NaH 2 P0 4 = NaP0 3 + H 2 0 
Ca(H 2 P0 4 ) 2 = Ca(P0 3 ) 2 + 2H 2 0, • 

and the secondary salts into normal pyrophosphates, 

2Na 2 lIP0 4 = JSTa 4 P 2 0 7 + II 2 0. 

Salts containing the ammonium radicle are also decomposed 
when they are strongly heated ; microcosmic salt, for example* 
gives sodium metaphospliatc, while magnesium ammonium 
phosphate gives magnesium pyrophosphate, 

NaNII 4 HP0 4 = NaP() tll + NII 3 + H 2 0 
2MgNII 4 P0 4 - Mg 2 P 2 0 7 + 2NK 3 + H 2 0. 

Disodium hydrogen phosphate, Na 2 HP0 4 , is one of the 

better-known phosphates. It would not he prepared by 
neutralism <j phosphoric acid with sodium hydroxide (because 
the solution becomes neutral to litmus when it contains a 
mixture of Na 2 liP0 4 anil NaH 2 P0 4 ), but by mixing 1 gram- 
molecule of sodium carbonate with 1 gram- molecule of 
phosphoric acid in aqueous solution, and then evaporating ; 
on the solution cooling the salt separates in hydrated crystals, 
Na 2 IIP0 4 , 121I 2 (). Its solution is used in the laboratory, 
principally in testing for magnesium salts. 

Silver phosphate, Ag 3 P() 4 , is obtained as a yellow pre- 
cipitate on a solution of silver nitrate being added to a 
solution of disodium hydrogen phosphate, 

Na 2 HP0 4 + 3 AgNO a = Ag 3 P0 4 + 2NaN0 3 + HNO s . 

As it is chemically soluble in nitric acid, and nitric acid is 
produced in this reaction, precipitation of the phosphoric acid 
is incomplete. Silver phosphate also dissolves chemically in 
ammonium hydroxide solution. 

Calcium phosphate, Ca ;J (P0 4 ).„ i* the most important salt 
of phosphoric acid (p. 534); it is insoluble in water, but 
is converted into soluble acid salts or into phosphoric acid 
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when it is treated with hydrochloric acid or other strong 
acids, 

Oa./P< > 4 ), + 2HCI > 2CnHP< > 4 + a iCl 
C^(i'( > 4 )“ + 4H( :i ^ — > Oa(H,I>< ) 4 ), + 2CaC] 2 . 

The addition of a soluble hasic hydroxide or carbonate to 
such solutions results in the re-precipitation ol the normal 
calcium salt. 

Calcium phosphate, is used in agriculture as a source of the 
phosphorus which is essential to plant- life. 

As the normal phosphate, being insoluble in water, would not he 
oairied down by rain to the* roots of the crops, the normal salt is 
transformed into soluble calcium dilij drogen phosphate by treating 
it with sulphuric acid, 

Ca,(P<> 4 )„ i 2H,S() l Ca(H.,P<> 4 ) 2 i 2CaS(> 4 . 

The mixture of salts thus obtained is sold umler the name of 
superphosphate of lime. 

Magnesium ammonium phosphate, Mg(NH 4 )PO^ is ob- 
tained as a colourless crystalline precipitate when a solution 
of a soluble phosphate is treated with a solution oi ‘magnesia 
mixture* (a solution of ammonium hydroxide, ammonium 
chloride, and magnesium sulphate). This compound is used 
in the estimation of phosphoric acid, and is weighed as 
magnesium pyrophosphate, into which it is converted when 
it is strongly ignited (p. 519). 

Pyrophosphoric acid, 11,1V ) 7 , is a crystalline compound, 
which is decomposed hy hot water, giving phosphoric acid. 
It is much more stable in the form of its salts, which are 
prepared hy the methods indicated above. 

All the acids derived from phosphoric anhydride, and the 
salts of these acids, give with excess of a boiling solution of 
ammonium molybdate in nitric acid (p. 513) a canary-yellow 
precipitate ; tin's reaction serves as a delicate test for phos- 
phates, but a precipitate of similar appearance is also given hy 
arsenates (p. 558). • 

The composition of this precipitate is roughly represented 
by the* formula llMoOp (NII 4 ) 3 T0 4 , fili 2 (j, and, as this 
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compound is soluble in phosphoric acid, a large proportion 
of ammonium molybdate must be added to the solution 
to he tested, otherwise no precipitate is formed. All the 
other acids of phosphorus give this reaction, as they are 
oxidised to phosphoric acid by tbe nitric acid present. 

Phosphorous acid, Il 3 P< \ v may bo formed from its anhydride 
(p. 546), but is prepared by adding phosphorus trichloride to 
cold water (p. 543) and then evaporating the solution. Tt is 
crystalline, and forms salts which are known as the }>husplritex. 

Hypophosphorous acid, Il ;i Po„ or H rf l*0-0ll, is obtained 
in the form of its potassium or barium salt when colourless 
phosphorus is heated with an aqueous solution of potassium 
hydroxide (p. 541) or barium hydroxide, 

2P 4 4- 3I>ii(OH) 2 + 611,0 - 3(JI a ry-0 ),lla + 2PII V 

The solution of the barium salt is treated with dilute sul- 
phuric acid just sullicient to precipitate all the barium as the 
insoluble sulphate, and the filtered solution of the acid is 
then evaporated. 

Hypophosphorous acid is crystalline and is a monobasic acid. 
This latter fact seems to show that the molecule only contains 
one hydroxyl-group, as indicated by the above formula. 

Phosphorous and hypophosphorous acids are very active 
reducing agents, as they a it 1 both readily oxidised to phos- 
phoric acid; they both precipitate gold, silver, and mercury 
(as metals) from solutions of their salts, and even reduce 
sulphurous acid to sulphur. They both give phosphine and 
phosphoric acid when they are strongly heated, 

4P(0U), = PII, + 3Jl,P0 4 

21I,P0 2 %PH s + 1T,P0 4 . 

Hypophoaphoric acid, H.TO. is formed, together with phew 
phorous and phosphoric acids, by the atmospheric oxidation of 
moistened phosphorus; ii is decomposed by hot mineral acids, 
giving phosphorous and phosphoric acids. 
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CHAPTER LIIL 

Arsenic and its Compounds. 

Arsenic, As 4 ; At. Wt. 75. 

Arsenic, although related to phosphorus, is a much less 
active element even than red phosphorus, and in some respects 
has the properties of an ordinary metal. It occurs in nature 
in the free state, sometimes in distinct crystals, but is princi- 
pally found in combination with sulphur as the red mineral 
real (jar , As 2 S 2 , and the yellow mineral orpimenf , As 2 S 3 ; 
arsenical pyrites or mispiclcel , FcS 2 , FeAs 2 % and white arsenic , 
As 2 0 3> also occur. 

The free element is not of much practical importance. It 
is prepared by heating arsenical pyrites alone, or by heating 
arseniuus oxide with charcoal; in the former case the arsenical 
pyrites decomposes into arsenic and ferrous sulphide (Fett), 
whereas in the latter the oxide is reduced with formation of 
arsenic and carbon monoxide. The liberated arsenic volatilises 
and is condensed in suitable receivers. 

The element thus obtained is a steel-gray crystalline, brittle 
substance of sp. gr. 5*7. It sublimes at high temperatures, 
giving a yellow vapour, which consists of tetratomic molecules, 
As 4 ; at a white heat these molecules undergo dissociation. 
Arsenic is insoluble in water, and is not acted on appreciably 
by hot hydrochloric acid, but it is readily oxidised by con- 
centrated nitric acid, with formation of arsenic acid (p. 558). 
It oxidises superficially on exposure to moist air, and burns 
when it is heated in oxygen, giving arsenious anhydride. It 
combines readily witli the halogens. 

Arsenic exists in three varieties. When the clement is 

heated in a stream of hydrogen or carbon dioxide it sublimes 

• 

* The composition of this substance may also be represented by tbo 
formula t FeSAs or Fe(S,As)f; in the latter case, tlie formula indicates that 
aome of tlr* sulphur has been displaced by arsenic, or vice rersd. 
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(rapidly at about 450°), and is deposited near the source 
of heat in silvery crystals (ordinary arsenic) ; farther from 
the source of heat a black, lustrous crystalline deposit (sp. 
gr. 4*7) is formed, and farther still a yellow * crystalline 
deposit (sp. gr. 3*9). The yellow form is soluble in carbon 
disulphide, and from ebullioscopic detenu in a* 
tions it is found that its .molecular formula 
is As 4 . 

Arsine or hydrogen arsenide, AsH 3 , is 
not formed when arsenic and hydrogen 
are heated together, hut is easily obtained, 
mixed with a large proportion of hydrogen, 
by treating arsenic compounds with zinc and 
hydrochloric or dilute sulphuric acid. Under 
these conditions most arsenic compounds are 
probably first transformed into arsenious acid, 

Hj,As 0 3 , or arsenic acid, H ;i As0 4 , as the case 
may he, and these compounds are then 
reduced; the reactions, therefore, may he 
expressed by equations such as, 

HjjAsO., + 6H = Asl r ;j + 3H 2 0 
II s As 0 4 + 8H = AsTLj + 4H 2 0. 

The formation and some of the properties 
of arsine are easily demonstrated in the 
following maimer ; hut as the gas is highly 
poisonous great care should ho taken not to 
inhale any of it, and the experiments should he carried out in 
a draught cupboard.* Hydrogen is generated from zinc and 
dilute sulphuric acid in the apparatus shown in lig. 108, and 
is dried with the aid of the small calcium chloride tube. 
When it has been proved that the air has been expelled from 
the apparatus (p. 102), Jmt not before this has been done, the 
escaping hydrogen is -lighted at the outlet. A small quantity 
of arsenious anhydride, sny 0*01 grain, is then dissolved in 

* Similar precautions should be observed in forking with other , volatile 
compounds of arsenic, and also witli those of antimony and mercury. 



Fig. 108. 
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1-2 c.c. of dilute hydrochloric acid, aiul some of the solution 
is poured down the thistle funnel. Almost immediately the 
llame becomes pale blue, and ‘smoke 1 rises from it; these 
changes art* due to the presence of arsine, which burns in a 
plentiful supply of air, forming arsenious anhydride and water, 

2 A«H a 4- 3< K - As 2 ( ) s + 3JELO. 

Like hydrogen iodide, hydrogen sulphide*, ammonia, plios- 
phine, and many other hydrogen compounds, arsine is 
decomposed into its elements when it is heated alone. 
This decomposition takes place, to a great extent, in the 
hydrogen flame (before the ui'Mne. inside, the flame comes into 
contact wi th atmospheric oxygen); and when any cold object, 
such as a porcelain l»isin, is slowly passed through the, llame, 
the arsenic vapour contained in the llame is condensed, giving 
a black, lustrous deposit. That this decomposition of arsine, 
into its elements is easily brought about may be shown by 
gently heating the outlet-tuho near the bottom with a very 
small Bunsen-flauie; a dark mirror or lustrous film is deposited 
above the heated portion of the tube, and the hydrogen flame 
loses its bluish colour and no longer smokes. 

A distinct mirror may be, obtained under the above con- 
ditions even when only about 0 # 01 milligram of arsine is 
generated, s<» that by this method or test, known as Marsh 9 * 
test, tin* presence of any arsenic compound in any material is 
easily detected. As, however, commercial zinc and commercial 
sulphuric acid may contain arsenic compounds, the hydrogen 
evolved from these materials should be carefully examined 
before adding the substance to be tested. (Com^ire also 
footnotes, p. 29 6.) 

Instead of the hydrogen, necessary for the reduction of 
the arsenic compound, being generated from zinc and an acid in 
the above manner, it may be generated o] cot roly ti cully in the 
solution suspected to coituiin the arsenic compound ; proper 
precautions being observed, it is said to be possible to detect 
0*0000005 gram of combined arsenic in 50 c.c. of a liquid. 



ARSENIC AND ITS COMPOUNDS. 


555 


Arsine may also be prepared by treating zinc arsenide with 
hydrochloric acid, just as phosphine may be prepared from 
calcium phosphide and water, 

Zii.,As 2 + 6 1 1 Cl - 2 AsH 8 + 3ZiiC1 2 . 

Arsine is sparingly soluble in water, does not unite with acids, 
and is oxidised by a solution of silver nitrate, ‘giving arsenious 
anhydride (or acid), nitric Acid, and silver, 

2 A. si f 3 + 1 2AgN(), + 31 1 3 <> -= As 2 ().. + L2HKO a + 1 2Ag. 

Althongli both silver and arsenious anhydride are acted on 
by nitric acid, they are not attacked by the acid produced in 
this reaction, because it is cold ami very dilute. 

Ox inns of Aksknio. 

There are two oxides of arsenic which correspond with the 
two oxides of phosphorus, and like the latter they are both 
acid-funning oxides or anhydrides ; the lower oxide, As 2 O w 
is a common and important substance, but the higher oxide, 
As/) r> , is hardly met with except in tlie form of the acid, 
I1 ,jAs 0 4 , and its salts. 

Arsenious anhydride (arsenic trioxide), As 2 0 3 , known 
commercially as ‘ white arsenic, 1 is obtained as a by-product 
in many metallurgical operations. When ores or minerals 
which contain awitirir* (compounds of arsenic with a metal) 
are heated in the air, these compounds are oxidised, and 
arsenious anhydride \o1atilises ; the vapour is then condensed 
in chambers or in long lines (p. 586). The crude product is 
purified by heating it in cylindrical iron retorts, and con- 
densing the vapour in a series of chambers ; as these got hot 
the sublimed anhydride softens, and solidifies on cooling to 
a vitreous amorphous mass, which at ordinary temperatures 
very slowly changes into a white, porcelain-like solid, as the 
result of cry stalli sati oij. When arsenious anhydride is slowly 
heated (in a glass tube) it softens at about 200° ami then 
volatilises; the vapour eondenses directly to tlie solid state, 
giving a beautiful crystalline sublimate. * 
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The density of this vapour corresponds with that required 
by the molecular formula As 4 (> (5 , hut at high temperatures 
(above 700°) dissociation occurs and molecules, As 2 0 3 , are 
formed ; 'as in the case of the oxides of phosphorus, the 
complex molecules may he regarded as associated molecules. 

When arsenious anhydride is mixed with some dry ground 
charcoal, and the mixture, covered witii a little more charcoal, 
is heated in a tube (beginning at the top), a lustrous mirror 
of arsenic is formed, owing to the reduction of the anhydride 
and the deposition of the element, 

2As 2 0 3 4- 60 = As 4 4- 6CO. 

Arsenious anhydride is only very sparingly soluble even in 
hot water. The solution has an acid reaction to litmus, and 
doubtless contains arsenious acid, 

As 2 (J, 4- :*H 2 0 - 2H 3 AsO s , or 2 As(OH) 3 ; 

but when evaporated, even at ordinary temperatures, it gives 
a crystalline deposit of arsenious anhydride, a fact which 
shows that the acid is very unstable. The anhydride dis- 
solves chemically in solutions of the alkali hydroxides and 
in those of the alkali carbonates (liberating carbon dioxide), 
giving salts of arsenious acid, which are called arsenites. 

The arsenites of sodium and potassium are readily soluble 
in water; but the normal salts of these metals, like the 
soluble normal phosphates (p. 548), are hydrolysed by water, 
giving alkaline solutions, 

As(OKft) # 4- 1I 2 0 = As(ONa) 2 *OH 4- NaOH. 

Silver arsenite, As(f) Ag) 3 , is formed as a pale-yellow pre- 
cipitate on silver nitrate being added to a solution of sodium 
arsenite. 

Scheele's green or mineral green, is maim fact lived for use as a 
pigment by gradually adding a solution of cupper sulphate to a 
solution of sodium arsenite, and theii washing the precipitate with 
water ; it has approximately the composition CuHAs0 3 , and may 
{ be regarded as copper hydrogen arsenite. 



ARSENIC AND ITS COMPOUNDS. 


557 


Arsenious anhydride and arsenious acid are mild reducing 
agents. Thus they reduce nitric acid (see below) ; they also 
reduce the halogens to halogen acids in aqueous solution, 

II 3 AsO ;j + 1 2 + H,0 H 3 AsG 4 + 2HI. * 

In the case of hydrogen iodide the reaction is readily 
reversible, but not in presence of sodium hydrogen carbonate, 
which converts the acid into its more stable sodium salt. 

NbjAbOj, + H 2 0 + 1 2 + 2NaHOOjj = 

Na 3 As0 4 + 2NaI + 2C0 2 + 2H 2 0. 

A standard solution of arsenious anhydride in excess of 
sodium bicarbonate is often used for the estimation of iodine 
(bromine or chlorine), and a standard solution of iodine may 
be used for the estimation of arsenious anhydride (dissolved 
in a solution of sodium hydrogen carbonate). 

Arsenic anhydride* (arsenic pentoxide), As 2 0 5 , is much 
less stable than phosphoric anhydride, and is decomposed at 
high temperatures into arsenious anhydride and oxygen. It 
is not formed by heating arsenic or arsenious anhydride in 
oxygen, but is easily obtained, combined with water, as 
arsenic acid, by oxidising arsenic or arsenious anhydride with 
nitric acid or with chlorine water. 

Thus, if arsenious anhydride is warmed with excess of 
nitric acid until a brown gas (p. 528) is no longer evolved, 
the solution on evaporation gives hydrated crystals of arsenic 
acid, H 8 As 0 4 , which when heated just below a red heat 
decompose into the anhydride and water ; the anhydride is 
a crystalline solid which combines with water to form the 
acid. 

The hydrated crystals of arsenic acid effloresce on exposure 
to the air, and form pyroarsenic acid, H 4 As 2 < ) 7 , which when 
heated at 200° is converted into meta-arsenic acid, HAs0 3 . 
These acids are also kno.wn in the form of their salts, which 
are prepared bv methods similar to those used in the case 

* The name of the element is pronounced ar'-se-ni^ but the acid, H :i A s0 4 , 
is called ar-Bcn'-ic acid. 
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of salts of the, pyro- and mcta-ph<>sphoriV. acids (p. 510) ; 
the salts and the free acids pass into (ortho) arsenates and 
(ortho) arsenic acid respectively when they are treated with 
water. ' 

Arsenic acid, II 3 As()j or AsO(OH).., is readily soluble in 
water. In aqueous solution it is an oxidising agent; it 
oxidises sulphurous acid, for example,* 

1 1,As 0 4 + H a Si ) 3 - H 3 As( )., + H 2 S<) 4 , 
mid also hydrogen sulphide, 

II,Asi ), + II 2 ft - 1 1 ;t As< + H,( ) + ft. 

These reactions are of practical importance for reasons given 
later (p. 559). 

The normal arsenates of the alkali metals (and of am- 
monium) are soluble in water, by which, however, they are 
hydrolysed, as are the soluble normal phosphates (p. 548); 
the other normal arsenates are insoluble in water, hut dissolve 
chemically in acids. 

Silver arsenate, Ag x As0 4 , is obtained as a reddish-brown 
precipitate on adding silver nitrate to a solution of an arsenate 
(in absence of acids), 

A a.,HAs0 4 + dAg N ( =- Ag , A ) 4 -f 2A ( ) 3 -j- I1A ( 

It dissolves chemically in nitric acid and in amnfonium 
hydroxide solution (compare silver phosphate, p. 519). 

Arsenic acid (and arsenates) and arsenions arid (and 
arsenites) give with a solution of ammonium molybdate* in 
nitric acid a canary -yellow precipitate in distinguish able in 
appearance, from that obtained with phosphoric acid (p. 550) ; 
but tlie precipitate does not form quickly unless the solution 
is heated. In this reaction, arsenious acid, if present, is first 
oxidised to arsenic acid by the nitric acid. 

Magnesium ammonium arsenate, Mg(MT 4 )A.s0 4 , is formed 
from soluble arsenates under the same conditions as magnesium 
*> 

* This may be shown by adding sulphurous acid to a warm solution 
containing arsenic aci<J barium chloride, and hydrochloric acid; after a 
few moments the precipitation of barium sulphate begins. 
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ammonium phosphate is produced from soluble, phosphates 
(p. 550) ; it is insoluble in water, and gives magnesium 
pyroarBenate, Mg 2 As 2 C> 7 , when it is heated. 

Sulphides of Arsenic. 

There are three well-known sulphides of arsenic, namely, 
As 2 S 2 , As.,S ;t , and As 2 S v of which the last two correspond 
with the oxides As^O.^ and As^l) f> respectively. 

The disulphide occurs as the mineral realgar (p. 552). Jivby 
sulphur , which is manufactured by melting arsenic with sulphur, 
has approximately the same composition as realgar; when mixed 
with sulphur and potassium nitrate it gives a powder which burns 
with a dazzling white light {! ndiun fire, Bengal lights). 

Arsenic trisulphide or arsenious sulphide, Ar„S 3 , occurs 
in the crystalline stab* as orpiment (p. 552), and is obtained 
as a canary -yellow amorphous precipitate, when hydrogen 
sulphide is passed into a solution of arsenious acid* or of 
an arsenite to which hydrochloric acid lias been added, 

2H a As< > 3 + 3ILR - As a S a + <iH 2 0. 

It is insoluble in cold hydrochloric aci<l, hut dissolves chemi- 
cally in a solution of ammonium sulphide, sodium hydroxide, 
or ammonium carbonate (p. 507). When heated in the air 
it gives sulphur dioxide and arsenious anhydride. 

Arsenic pentasulphide, Ah 2 S 5 , is formed when hydrogen 
sulphide is passed into a warm solution of arsenic acid which 
contains hydrochloric acid ; but as some of the arsenic acid 
may he reduced to arsenious acid with precipitation of sul- 
phur (see below), the ]M»ntasulphide is best prepared by 
melting the trisulphide with sulphur. It is a yellow solid, 
insoluble, in hydrochloric acid. 

Dilute solutions of arsenates, acidified wi f h hydrochloric 
acid, do not give, a precipitate. igith hydrogen sulphide until 
after some time has elapsed, ami eve.** then the first precipitate 

* A ‘colloidal solution’ (]>. 327) of arsenious *ul|iliidc is formed, unless 
the arsenious acid solution also contains hydrochloric acid. 
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is principally sulphur, produced by the oxidation of the 
hydrogen sulphide (p. 558) ; on continued treatment arsenioww? 
sulphide is thrown down owing to the interaction of the 
arsenious acid and hydrogen sulphide (p. 559).* 

The behaviour of the sulphides of arsenic towards ammonium 
sulphide and towards alkali hydroxides is described later. 

Arsenic compounds are used in medicine ; most of them 
arc highly poisonous, and ‘white arsenic’ is employed in the 
manufacture of vermin-poisons, <fcc. Orpiment is used as an 
oil-paint. The arsenitcs and arsenates arc used in dyeing 
and in the colour industry. 

The halogen derivatives of arsenic are of the type AsX 3 , 
but fluorine also gives a pentajt uoritfe , AsF r) . 

Arsenic trichloride, AsCl.,, is a colourless liquid (b.p. 130°) 
prepared by passing chlorine over arsenic (compare rCl 3 ) ; it 
is hydrolysed by water, 

AsC 1 3 + 31I 2 0 = As(01I) 3 + 3IIC1, 

but the reaction is reversible, and in presence of concentrated 
hydrochloric acid hydrolysis is incomplete. Consequently, 
when arsenious anhydride (or arsenious acid) is distilled with 
concentrated hydrochloric acid, the volatile arsenious chloride 
slowly but continuously passes over with the acid. 

A study of the properties of arsenic brings to light the 
difficulty of sharply dividing the elements into metals and 
non-metals. 

* This behaviour of solutions of arsenic acid (or arsenates) is a frequent 
source of error in qualitative analytical work. When the presence of an 
arsenate is suspected, the solution should be warmed with sulphurous acid 
and afterwards boiled to expel sulphur dioxide. In this way the arsenic 
acid is reduced and the solution then gives an immediate precipitate of 
arsenious sulphide, unaccompanied by sulphur. 
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CHAPTER LIV. 

Antimony and Bismuth and their 
Compounds. 

Antimony, Sl> 2 ; At. Wt. 120*2. 

Antimony is very closely related to arsenic, Imt it is more 
metallic in character hotli as regards physical and chemical 
properties. It does not occur in the free state to any con- 
siderable extent, and the principal source of antimony is 
stibnite , a hlack, lustrous, crystalline form of antimony tri- 
sulphide, Sh>S 3 ; the element also occurs as the oxide Sb 2 0 3 . 
Antimony is obtained from stibnite by heating the ore with 
iron in crucibles (made of a baked mixture of graphite and 
clay), which are placed in a furnace ; the sulphide is thus 
reduced and the melted antimony is poured otF, 

Sb 2 S 3 + 3Fe - Sb 2 + 3FeS. 

Another method is to heat the ore in a reverberatory 
furnace (p. 587) until the sulphide is partly converted into 
oxide, with formation of sulphur dioxide; the mixture of 
the oxide and unchanged sulphide is then heated in crucibles 
with charcoal and sodium carbonate, whereupon the oxide 
and sulphide act on one another, giving antimony and sulphur 
dioxide.* The charcoal reduces any remaining oxide, and 
the melted sodium carbonate which forms a layer at the 
surface prevents the volatilisation of the antimony. 

. Antimony is a bluish-white, lustrous, crystalline substance 
of sp. gr. 6*7, and is so brittle that it is easily powdered. 
It melts at 630° and vaporises only at very high temperatures ; 
its vapour probably consists of diatomic molecules, Sl> 2 . It 
burns when it is very strongly headed in the air, forming 

* This principle is applied in the preparation of several metals, as, for 
example, in the oase of lead (p. 593) and copper (^. 651). ' 

InorR. 2 J 
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antimony trioxide (ami also the. teiroxide), ami it is oxidised 
I »y nitric acid, giving either Ihe Liinxidc nr tl 10 m:id < lori \ « m 1 
from tlm pent-oxide, according to the conditions. It is not 
attacked by boiling concentrated hydrochloric acid * except 
in presence of air, when it yields antimony trichloride, 

2KK : '+ 1 2IIC1 + 3< >., - 1S1»C1 3 4- 01 1,0. 

Antimony is used in the preparation of certain alloys 
mentioned later (up. 581), 5 ( .)7 ). 

Stibine or antimony hydride, KblL, is a very poisonous 
gas,t ami is formed from antimony compounds in just the 
same way as arsine is produced from arsenic compounds 
(]». 553). The formation and properties of stibine may 
therefore be demonstrated by generating the gas by the 
reduction of some antimony compound (say 0*05 gram) in 
Marsh’s apparatus (fig. 108, p. 553). Shortly after the 
antimony solution has been added the flame of the burning 
hydrogen acquires a bluish-gray appearance, and fumes of 
antimonious oxide are formed, 

28hll 3 + 30, Sb,( >. + 311/). 

The gas, like arsine, is decomposed when it is heated, and a 
cold porcelain basin slowly passed through the flame becomes 
coaled with a black film of antimony, rather darker than, and 
not so lustrous as, the lilm obtained in the case of arsine. 
When the glass tube through which the stibine is passing is 
gently heated, a ‘mirror’ of antimony is deposited close to 
the source of heat. Minute quantities of antimony com- 
pounds may he thus detected. 

The film of antimony obtained on the porcelain basin or 
in the glass tube may be distinguished from that of arsenic 
very easily, as it is inmlnhh > in a dilute solution of bleaching 
powder or sodium hypochlorite or nitric acid; the arsenic 

* Many metal* which arc not. attacked by hydrochloric acid alone arc 
acted on by .the acid in the pA/scnce of oxygen, the reaction in the latter 
cane being more wtrongly exothermic owing to the tmnultaiieouH oxidation 
of the nascent hydrogen. *<( loinp&rc p. 1140.) 

4 Oo::ipare footnote, ]>. 5*>.v 
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film fl isn] >] »r*ars when if, is treated with ono of these reagents 
because tins element is oxidised in arsenic acid. 

Stibine may he prepared by treating zinc anfivtonidr, a com 
]>ound of zinc and antimony, with dilute hydrochloric acid, 
Zn a Nh, + 61LC1 = 2ShlT, 4- SZiiCly 

Tlie gas obtained in this way may he freed from hydrogen 
by passing it through a tube cooled in liquid air, when the 
stibine solidifies. Arsine may be separated from hydrogen 
in a similar manner. 

Stibine, like arsine, decomposes silver nitrate in aqueous 
solution, but, the results are very different ; whereas the 
arsenic in arsine, is converted into arsenious anhydride which 
remains in Hoft/funi, the antimony in stibine is prtci'jvUaUid as 
a black powder (silver antimonide), 

SMb, 4 3 AgN ( - SbAg 3 4 3IIN() 3 . 

These reactions may serve for the separation of ‘arsenic* 
from ‘antimony* (footnote, p. 428). 

Antimony Trioxidk and Salts derived from it. 

Antimony forms two oxides, Sb 2 <> 3 and Sb 2 O fiJ which are. 
similar in type to the corresponding oxides of arsenic; but 
the lower oxide of antimony, unlike arsenious anhydride, is 
a basic oxide, and with acids it gives corresponding salts, the 
antinnmimis salts , and water. Although a basic oxide, its 
basic properties are not very decided ; in consequence, the 
antimonioufl salts are hydrolysed by water, and weak acids, 
such as carbonic acid, do not give salts with the oxide. 

Antimonious oxide or antimony trioxide, Sb 2 0 ;t , may he 
obtained by heating antimony in the air or with dilute nitric 
acid. 

As these products may contain the pentoxidc, the pure 
compound is prepared by boiling antimony oxychloride (see 
be.low) with a solution of sodium* carbonate, washing tin 
residue (SbO'Oll) with water, and lhei| igniting it in absence 
of air. 
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It is a pale huff-coloured crystalline substance, practically 
insoluble in water ; it volatilises only at vory high tempera- 
tures, and is easily reduced when it is heated with carbon or 
in a stream* of hydrogen. 

Antimony trichloride, SbCI 3 , is formed when the trioxide 
(or the trisulphrde, p. 566) is dissolved in concentrated 
hydrochloric acid, 

Sb 2 0 3 + 6HC1 = 2SbCl 3 + 3H 2 0 ; 

but as it is hydrolysed by water (see below), the pure 
anhydrous salt is prepared by gently heating an excess of 
antimony in a stream of dry chlorine and then distilling the 
product.* 

It is a soft crystalline substance (m.p. 73°), boiling at 223°, 
and is sometimes called 4 butter of antimony.’ It dissolves in 
concentrated hydrochloric acid ; but when this solution is 
poured into water the trichloride is hydrolysed, giving an 
insoluble basic salt (p. 510), antimony oxychloride, SbOCl, 

SbCl 3 4- H,0 = SbOCl + 2HC1. 

On excess of concentrated hydrochloric acid being added, the 
above reaction is reversed and the oxychloride is converted 
into the soluble trichloride. 

Antimony trioxide dissolves chemically in an aqueous 
solution of potassium hydrogen tartrate (p. 283), and on 
the filtered solution being evaporated colourless crystals of 
tartar emetic , C 4 H 4 0 ( .(SbO)K, \ II/), f are obtained; this 
compound is used in dyeing, and in medicine (as an emetic). 

Antimony Pentoxide, Antimonic Acid, and Antimony 
Pkntachloride. 

When antimony is warmed with excess of concentrated 
nitric acid it is converted into a white powder which is 

« 

* Compare footnote, p. 553. 

I t This formula merely gjyen the composition of the salt, and shows that 
two molecules of the tartrate oontain one molecule of water of hydration. 
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insoluble in the acid ; a similar insoluble substance is formed 
when antimony pentachlorido (see below) is boiled with a 
large volume of water. J udged by analogy with phosphorus 
and arsenic, this product should have the composition, H 8 Sb0 4 , 
SbCl r> + 4Ii 2 0 - Il 3 Sb0 4 + 51IC1 ; 

but the substance actually produced is not constant in com- 
position, an<l is probably a mixture of antimonic acid, 
H 8 Sb0 4 , and metantimonic, HSbO :! (corresponding with 
mctaphosphoric acid). It dissolves chemically in solutions 
of the alkali hydroxides, giving antwumates , and when heated 
gently it gives a yellow residue of antimony pentoxide, or 
antimonic anhydride, Sb 2 0 5 . 


Potassium metantimonate, KSbO ; „ is produced when antimony is 
cautiously heated with potassium nitrate; when treated with water 
it is converted into soluble potassium dihydrogen pyroantimon&te, 
2KShO ; , + H 2 0 - K 2 H 2 Sh 2 0 7 , 

and this solution gives with a solution of a sodium salt an almost 
insoluble precipitate of Bodium dihydrogen pyroantimonate, 

K JI.,Sb a 0 7 + 2NaCl = Na,II. 2 Sb,0 7 + 2KC1. 


Potassium metantimonate, therefore, is occasionally used in testing 
for sodium salts. 

An oxide of the composition Xb. 2 0 4 , which may be regarded as 


/\ 

mdmoniom antimonate, 0=Sb -0 ,Sb, that is to say, as the 


antimony salt of antimonic Acid, is known. It is formed when the 
trioxide or the pentoxide is heated in the air, in the one case with 
absorption, and in the other with liberation of oxygen. 


Antimony pentachloride, S1>C1 5 , is formed when antimony 
is treated with excess of chlorine, and when chlorine is led 
over antimony trichloride (compare phosphorus pentachloride); 
it is purified by distillation, and is a colourless finning liquid 
boiling at 140°. Like phosphorus pentachloride, it dissociates 
when it is strongly heated ; * it dissolves in cold water, and 

maybe obtained again from the solution in hydrated crystals; 

i « 

* Probably this is the reason why the b.p. is lower than that of SbQ^ 
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but it is decomposed by boiling water, giving antimonic acid 

(p. 5()5). 

Antimony pentacldoride is an acid chloride, and not a salt 
of hydrochloric acid; it does not yield chlorine when it is 
warmed with concentrated sulphuric acnl and manganese 
dioxide. 

Sulphides of Antimony 

Antimony forms two sulphides which arc* closely related 
to the corresponding sulphides of arsenic and yet differ from 
the latter in certain important respects. 

Antimony trisulphide, Sb 2 »S ;< , is obtained as an orange -red 
precipitate when hydrogen sulphide is passed into a solution 
of an antimonious salt, 

2Sb01, + 3H..S = SlyS ;{ + 6HG1. 

It is chemically soluble in hot concentrated hydrochloric 
acid, a property in winch it differs from arsenic trisulphide, 
but like the latter it dissolves chemically in solutions of alkali 
hydroxides and of ammonium sulphide (see holow); it is not 
acted on by a solution of ammonium carbonate (compare 
arsenic trisulphide, p. 5f>9). 

The great difference, in colour between native antimony 
sulphide (stibnite) and the precipitated .sulphide seems to 
be due to a difference in physical structure ; the. orange 
precipitated sulphide, which seems to be. amorphous, when 
melted out of contact with the air gives on cooling tin* gray 
crystals of stibnite.. 

Antimony pentasulphide, Sk,iS f|t is obtained as an ap- 
parently amorphous orange-red precipitate when hydrogen 
sulphide is led into an acid solution of an antinionate ; when 
lien ted with concentrated hydrochloric acid it gives antimony 
fnchloride, hydrogen sulphide, and sulphur, 

Sb.,S, + filiqj - 2SbCl 3 4- 3H,S + 2 S, 

and with alkali hydroxides and sulphides it gives the com- 
pounds mentioned belSw. 



ANTIMONY AND BISMUTH AND THEIR COMPOUNDS. 567 


The behaviour of the sulphides of arsenic and of antimony 
(and of tin, p . r )lI*J) towards ammonium sulphide and alkali 
hydroxides is of some importance, because these reagents are 
used in separating the sulphides just mimed from other 
sulphides which an* precipitated by hydrogen sulphide in 
presence of dilute hydrochloric acid. As regards the action 
of ammonium sulphide, it is important to note that the 
ordinary yellow laboratory reagent contains not only am- 
monium sulphide, (N"H 4 ) 2 K, and ammonium hydmsulphidc, 
(NIl^llS (p. 267), both of which give colourless solutions, 
hut also substances known as ammonium polysulphidcs ; the 
latter are formed by tin* combination of the sulphide with 
sulphur which is produced by the atmospheric oxidation of 
the hydrosulphide, 

4(KH 4 )IIS + 0,> --- 2(NH 4 ) a S + 2S + 2H 2 0, 

and may he represented by formula* such as (NH 4 ). 2 S, S or 
(NTI 4 )oS, 8., 

Xow, just as the trioxide. and pentoxide of arsenic, by 
combination with the elements of hydrogen oxide (water), 
give rise to arseuious and arsenic acids respectively, so also 
theoretically the two sulphides of arsenic might give rise to 
corresponding acids by combination with hydrogen sulphide. 
These acids would be 1I 3 AhS, and II 3 AsS 4 respectively: they 
would contain sulphur in* the place of an equivalent quantity 
of oxygen, but they would he of the same type as arseuious 
and arsenic acid respectively, and might therefore he called 
fhi(Htrapniun* oeid and thio-arnenic arid respectively. 

As a matter of fact, thio-arsenious and thio arsenic acid arc 
not. known, but mlfa derived from these acids are actually 
formed when the tri- and ponta-sulphides of arsenic are 
treated with a solution of ammonium sulphide, 

As,K, + 3(N I r ,).,K « 2(NTT AsS :{ , 

As A, + 3(NH 4 ),S =■- 2(NH 4 ).,ArS 4 . 

In an exactly similar manner the fri- and penta-sulphides 
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of antimony give rise to salts of thio-antimonious and thio- 
antimonic acids , 

Rb.,83 + 3(NH 4 ) 2 S = 2(NH 4 ) 3 SbS 3 

• sb 2 s 5 + 3( jsrn 4 ) 2 s - 2 (n h 4 ) 3 sbs 4 . 

These compounds are formed wlicn colourless ammonium 
sulphide is used, but this solution acts on antimony tri- 
sulphide only very slowly. When yellow ammonium sul- 
phide is employed, the thio-arsenite and thio-antimonite 
combine with the sulphur of the ammonium polysulphide 
(just as arsenites and antinionites take oxygen from certain 
compounds), and are thus converted into thio-arsenates and 
thio-antimonates respectively, 

(NH 4 ) 3 AsS 3 + (NH 4 ) 2 S,S = (NH 4 ) s AsS 4 + (NH 4 ),S. 

Antimony trisulpbide is acted on much more readily by 
yellow ammonium sulphide than by the colourless solution. 

When a solution of any of these thio-salts is treated with 
an acid, the thio-aeid is liberated, but it immediately decom- 
poses into hydrogen sulphide and a metallic sulphide, which 
is precipitated, 

21I 3 AsS 3 = Aa,»S a + 3TI 0 R 
2H 3 SbS 4 = 8b“s 3 + 3H 2 S. 

These reactions bring out very well the close relationship 
which exists between oxygen and sulphur in many of their 
compounds. 

When the sulphides of arsenic, antimony, and tin are 
treated with a solution of an alkali hydroxide, instead of 
with ammonium sulphide, a mixture of the oxygen acid and 
the sulphur acid is obtained in the form of their salts; thus 
arsenic trisulphido gives with potassium hydroxide a mixture 
of potassium arsenite and potassium thio-arsenite, the forma- 
tion of which may be expressed as follows : 

As 0 S 3 + 6T«MJ - 2K 3 AsO, + 3H 9 S 
t 3TT 2 S + CJxOTI - 3 K 2 S + 6H 2 0 “ 

8 As 2 S 8 + 3K 2 S = 2K 3 AsS 3 , 
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or 

2As 2 S 3 + 12K0H = 2K 3 AbO s 4- 2K 3 AsS 3 + 6H 2 0. 
Similar reactions occur in other cases. 


Bismuth, Bi 2 ; At. Wt. 208. 

Bismuth is found principally in the free stale, hut it also 
occurs combined with sulphur,. as bismuth ylance , J»i 2 S 3 , and 
with oxygen as bismuth ochre, Bi 2 0 3 . It may be obtained 
by simply heating the crushed rock material in which the 
free metal is contained, and allowing the melted bismuth to 
run into moulds. 

As only the free bismuth is extracted by this process, and 
many ores contain the combined element, a better process is 
to heat the ores with charcoal, iron, and some flux (compare 
antimony, p. 561) in a suitable furnace ; the whole of the 
metal then collects under the slag, and is afterwards run off. 

Bismuth has a bright silvery lustre, tinged with red. It 
is highly crystalline and very brittle. Its sp. gr. is 9 8, and 
it melts at 270°. It is used in the preparation of several 
alloys, and its compounds are employed in medicine. 

Certain alloys composed of bismuth (m.p. 270°), tin 
(m.p. 232 c ), and lead (m.p. 326°) melt at low temperatures, 
and are used for various purposes under the name of fusible 
alloys. Rosa's metal , composed of bismuth (2 parts), tin 
(1 part), and lead (1 part), melts at 94°; an alloy ( Wood's 
metal) of even lower melting-point (60 ’5°) may be prepared 
by mixing together bismuth (4 parts), tin (1 part), lead 
(2 parts), and cadmium (1 part). 

Bismuth is converted into its trioxide when it is strongly 
heated in the air. It combines with the halogens, giving 
compounds of the type BiX s , and is readily acted on by 
concentrated nitric acid, giving bismuth nitrate. It does 
not combine with hydrogen. 11 

Bismuth nitrate, Bi(N() 3 ) 3 , is obtained in colourless 
hydrated crystals when bismuth, or its oxide, hydroxide, 
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or carbonate is treated with nitric acid and the solution is 
evaporated. The salt cannot be puriiied by recrystallisation 
from water, but may be recrystal listed from dilute nitric acid; 
its solution 'in nitric acid gives, with a large volume of water, 
a colourless precipitate of a basic salt, owing to the occurrence 
of hydrolysis, 

Bi(a<> a ) a + 21 U > J»i(( >1I)/N< ) 3 + 2IITSU ).,. 

The nature of the basic salt depends on the conditions of 
the experiment ; when the precipitate is well washed with 
water it has tin* alx>ve composition, and is used in medicine 
under the name of bisHtftfh o.rt/-v itratr or auhnifrafr. The 
basic salt is reconverted into the. normal salt, and passes into 
solution when it is treated with nitric acid. 

Bismuth trichloride, BiCl 3 , is obtained by heating bismuth 
ill a stream of chlorine. It is a colourless crystalline sub- 
stance, and boils at 435° Like the nitrate, it is hydrolysed 
by water, giving a white insoluble basic salt, bismuth oxy- 
chloride, 

BiClj + 7T 2 () - BiOCl + 2HC1. 

This reaction, which is readily reversible, is employed in 
testing for bismuth. 

Bismuth hydroxide, Bi(()II) 3 , is obtained as a white 
llocculent precipitate when ammonium hydroxide or an 
alkali hydroxide is added to a solution of a bismuth salt; 
it is a basic hydroxide corresponding to the bismuth salts 
just described. 

Bismuth trioxide, Bi./> a , prepared by beating the 
hydroxide or nitrate, of bismuth, is a yellow basic oxide, 
and with strong acids it gives the bismuth salts. 

Bismuth sulphide, Bi.,tt 3 , is obtained as an almost black 
precipitate when a solution of a bismuth salt, acidified with 
hydrochloric acid, is treated with hydrogen sulphide., 

2BiCl ;{ + 1*1*8 - BijjSj, + 01 f( 11. 

Unlike the sulphides f of arsenic and of antimony it is not 
soluble in. ammonium sulphide. 
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Bismuth is said to form several oxides in addition to the 
basic oxide, l>i 2 0 3 Thus when bismuth hydroxide, suspended 
in a solution of potassium hydroxide, is treated with chlorine, 
it undergoes oxidation, and yields products to which the 
fonnuke and lh.,( L have keen given. On the other 

hand, when the suspension of the hydroxide is treated with 
stannous chloride the hydroxide is reduced to a Mack solid, 
which seems to have the composition I>iO. 

Vanadium, V, at. wt. 5] 2, was first obtained by Roscoe. 
Tt forms five compounds with oxygen- -namely, V a O, V ( I, 
V g 0 3> V<) 2 , and V 2 () v Niobium, Nh, and tantalum, Ta, are, 
closely related to vanadium. Tantalum filaments are used in 
electric lamps. 

The Relationship between tiie Elements of the 
Nitrogen Family. 

When the properties of the live elements, nitrogen, phos- 
phorus, arsenic, antimony, and bismuth are compared, it is 
seen that although there is a great difference between, say, 
nitrogen and phosphorus, or phosphorus and arsenic, as 
regards physical properties, there is considerable similarity 
in chemical properties. 

The tWe elements form eorres] ending compounds of the 
same type, and the properties of these corresponding com- 
pounds are on the whole very similar ; for these reasons the 
elements are classed together in the ‘ nitrogen family.’ 

Now, just as in the case of the. members of the halogen 
family, tho relationship lietween the live elements of the 
nitrogen family is must- clearly observed by arranging these 
elements in the order of their atomic weights ; when this is 
done the dissimilarity, between any two successive elements 
is seen to be the expression of a gradual and regular 
change. 1 

As an example of this change in physical properties the 
specific gravities may be noted ; but it must at the same time 
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be pointed out that in the ease of some physical properties, 
such as melting- j joint, the change is by no means so regular : 

. Nitrogen. Phosphorus. Arsenic. Antimony. Bismuth 
At. wt. . 14 31 75 120*2 208 

Sp.gr. . 1*0 (at -252°) 1*8-2 1 3*9-5*7 6*7 9*8 

The relationship in chemical properties between the mem hers 
of this family is clearly indicated by tabulating some of their 
more important compounds : 


Molecular Formula. 

Hydinlu. 

Chlorides. 

Oxides. 

N. 

Nll 3 

'NC1,(?) 


N.A 


r. 

pij h 

PCI. 

1>C1 0 

P»Cg 

l'A 

Ah 4 

AhH, 

AsCl, 


AsoOj, 

A */>„ 

si. a 

SbH y 

SbCIy 

Sl)Cl a 

Sh 2 (>3 

si.,o 5 

Hi. 

— 

Bid, 


Bi 2 C>3 

UiA 


From the similarity in type in the case of any series of corre- 
sponding compounds it is clear that the live elements show 
the same valencies. In their hydrides and chlorides they are 
all tar valent, hut some of them also form halogen compounds 
(PCI,., AsF 5 , SbCI 5 ) in which they are quinquevalent. 

In their lower oxides of the type X. 2 0 ;i they are also ter 
valent, as indicated in the formula O-X — 0-X=0, hut 

in their highest oxides, X 2 0 5 or q^X - 0 - X^y they are 

quinquevalent. 

In the case of any series of corresponding compounds 
there is a gradual change in passing from the derivatives of 
nitrogen to those of bismuth. The nature of this change 
may he summarised in the statement that those properties 
which characterise a non-metal gradually become less marked, 
while those pertaining to a metal gradually become more 
pronounced. Thus one of the respects in which non-metals 
as a class differ from metals is that the former give gaseous 
or readily volatile hydrides. In this family, four out of the 

* The allotropic forms of phosphorus and those of arsenic have different 
Hpeciftc gravities ; hence \lie wide range given above. Except in the case 
of nitrogen, the values refer to ordinary temperatures. 
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live o, laments give rise to such hydrogen compounds ; but the 
stability of those hydrides, as indicated by their heats of 
formation or by the temperatures at which they rapidly de- 
compose, diminishes regularly in passing from ammonia to 
stibine ; the solubility of the hydrides in water and the 
stability of their salts also diminish regularly, the com- 
pounds of arsenic and of antimony being only sparingly 
soluble and giving no stable salts.. 

On turning to the chlorides and the oxides, the gradual 
weakening of the non-mctallic character of the clement is 
more distinctly noticeable. The trichlorides of nitrogen 
and of phosphorus undergo a non-reversible hydrolysis in 
aqueous solution ; the trichlorides of the other three 
elements are also hydrolysed, but the changes are reversible, 
and increasingly so under similar conditions in passing from 
arsenic to bismuth. The lower oxides, which correspond 
with these chlorides, afford a similar illustration ; those of 
nitrogen and of phosphorus have the properties of anhy- 
drides ; arsenious oxide is an anhydride, but may also act as 
a weak basic oxide towards strong acids ; antiinoiiious oxide 
shows acidic properties, but its basic character perhaps pre- 
dominates ; bismuth trioxide is distinctly a basic oxido. 

The highest oxides, X 2 O 0 , except that of bismuth, are all 
anhydrides, but the acids derived from them become weaker 
in passing from nitric to metantimonic acid. 

Although the general relationship between the members 
of this family is so clearly established by the illustrations 
• given above, it must be again pointed out that in this, as in 
other families, individual elements show abnormal properties, 
and that judgment by analogy must not take the place of a 
knowledge of facts. In this family notable examples of such 
irregularities cannot fail to attract attention ; the existence 
of the oxides N 2 0 and NO, the non-existence of the acid 
H 3 N0 4 , or of salts derived from it, find the fact that only 
phosphorus and antimony form pentachlorides are cases of 
this kind. * 
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As regards the constitutions of tlio various compounds 
derived from tins elements of this family, it may be, observed 
that those. of tiie nitrogen compounds may he taken as repre- 
sentative,* except of course in the ease of the acids II ;t X(). 
and H s XO., ami their derivatives. 

The structure of phosphoric acid is expressed by the 

,(> H 

formula O ^ ; this expression is based on considera- 

X)1I 

tions such as tlic following : Phosphorus forms a penta- 
chloride which is hydrolysed by water, giving TI.PO,. When 
a chloride is hydrolysed the process always consists primarily 
in the displacement of univalent chlorine atoms by univalent 
hydroxyl-groups. In most cases this is clearly established 
by the fact that the number of hydroxyl-groups in the pro- 
duct of hydrolysis corresponds with the number of chlorine 
atoms which have been displaced. In cases where this is not 
so, the formation of the final product can always he accounted 
for by assuming the occurrence of a secondary reaction, in 
which the hydroxyl-groups, acting in pairs, give rise to 
water. One oxygen atom from each pair of hydroxyl-groups 
thus becomes combined by both its hooks <>r valencies to the 
clement with which it remains united, as indicated by the 


expression, 


x <;;;- x: ° + H a o; 


the process, in fact, is a reversal of that which occurs 
when an oxide is transformed into the corresponding 
hydroxide (p. 4C>8). 

Now, these generalisations being applied to the hydrolysis of 
phosphorus pentaehloride, the first change probably results 
in the formation of a compound, PC1. { (0H) 2 , which loses the 

/ C1 

elements of water, giving phosphorus oxychloride, O = P^- Cl ; 

. * ' x q 

further ^hydrolysis tlicu leads to the production of phosphoric 
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arid, the molecules of which, therefore, doubtless have the 
structure () P(()1I) T 

This view is confirmed hy the fact that phosphoric acid 
is fribaxic, because in hydroxy- acids all the displaceable 
hydrogen is contained in hydroxyl-groups (p. -11)2); also by 
a study of the relation between phosphoric acid, niota- 
phosphorie acid, pyrophosphorie acid, and oilier compounds. 
Mctaphosphnric acid is the first product of the action of 
water on the pentoxide ; if the structure of this oxide is 


represented by the formula 


^>P — 0 — then, since one 


molecule of the oxide gives two molecules of the hydroxide 
or acid, and the production of the latter probably occurs in 
the usual manner, the structure of the resulting compound 


i mid jb l, 'P-0-J[. 
<)•/ 


Since metaphosphorie acid combines directly with water, 
giving phosphoric acid, and in this reaction the grouping 
>P = i ) becomes >P(()II).,, the ahnve view of the constitution 
of phosphoric acid is confirmed. The fact that a ietmlmic 
acid, namely, pyrophosphorie acid, is formed from two mole- 
cules of phosphoric acid by the elimination of one molecule 
of water is also in accordance with the above structural 
formula, and the constitution of pyrophosphorie acid is 
OH /Oil 
written 0 l\ O — ] * - ( ) . 

X OII "Oil 


Although phosphorous acid is a relatively simple com- 
pound, and its formation from phosphorus trichloride would 
seem to leave little room for doubt as to its constitution, it 

is not certain whether its structure is P(OII) a or(IIO) 2 < 

Towards basic hydroxides it behaves as a r//-basic and not 
as a /n-basic acid, a fact which .Spurns to show that the 
original product of the hydrolysis of P01 s undergoes a change 
in structure into the compound represented by the second 
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of the above formulae. Such a change in structure, which 
occurs within the molecule of a compound is known as an 
intramolecular or isomeric change , . 


CHAPTER LV. 

The Elements of the Carbon Family. 

This family includes the very important- clement carbon 
(p. 113), which is classed with silicon, tin, and lead, and 
several other elements of comparatively rare occurrence. The 
compounds of carbon are so numerous and so different in 
general behaviour from those of other elements that it is 
convenient to consider them collectively in separate text- 
books.* At the same time there are certain carbon com- 
pounds, such as the oxides (pp. 62, 120),f carbonic acid and 
its salts l (p. 271 et mj.) 9 and a few other acids composed of 
carbon, hydrogen, and oxygen (p. 277 el mj.) f which should 
be studied in a first-year course, and which, consequently, 
have been described in Part L 

In dealing, then, with the elements of the carbon family it 
is unnecessary to give here any further account of the com- 
pounds of carbon ; a few of them are mentioned later, but 
only incidentally. 

* Organic Chemistry , Perkin and Kipping fW. & It. Chambers, 7s. 6d.). 

f Carbon Buboxide, C,0 2 , is formed when malonic acid is heated with 
phosphorus pentoxido, 

CH 2 (COOH) 2 + 2 L’ 2 0 3 = 0,0a 4 4HP0*. 

It is a poisonous, disagreeably smelling gaR, which decomposes at ordinary 
temperatures with separation of carbon ; when treated with water it gives 
malonic acid. 

X Percarbonio aoid, HOCoIk>-(JO*OH, is obtained in the form of a 
ialt. by the electrolysis of jolutions of the acid alkali carbonates (coir pare 
pc rsulp Marie acid, p. 495). The free acid is not known. 
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Silicon, Si ; * At. Wt. 28*3. 

Silicon, next t,o oxygen, is tlie most abundant of all 
elements, and its oxide, silica, is the most, important- com- 
ponent or constituent of igneous or primary rocks (p. 290). 
The free oxide occurs in the pure crystalline state as colour- 
less quartz or rock-crystal coloured, slightly impure varieties 
of quartz arc topaz (brown) and amethyst (violet). In a 
partly amorphous condition, often coloured hy various metallic 
oxides, and sometimes containing combined water, silica is 
also found in tlm form of ai/atr, oput, j(t*pn\ c/ialmlony, flint, 
&c. Most rock materia], moreover, consists of mixtures of 
various silicates (pp. 290-292, G09).f 

From sea sand, or any other impure form of silica, the 
element silicon may be obtained by iiist preparing pure 
amorphous silica in the manner already described (p. 293), 
and then reducing this oxide with magnesium (p. 294). The 
latter reaction is often a vigorous one, even when sand is 
used, am) when very finely divided silica is employed a most 
dangerous explosion may occur; for this reason the (try 
mixture of silica and magnesium should bo spread on an iron 
plate in a layer about hall an-inch thick, and heated cautiously 
at the outside in order to start the reaction. Excess of mag- 
nesium being uroiI, tlm product consists of a mixture of silicon 
and magnesium silicide, MgJSi, and when it is warmed with 
dilute hydrochloric acid (p.* 294) the silicide is decomposed, 
giving silicon hydride, a gas which is spontaneously inflam- 
mable in the air (p. 578). 

Tin* amorphous silicon, which is thus obtained in an impure 

* Tlu* molecular formula, of the element is unknown. 

t Although silicon is such an inert element at ordinary temperature*., it 
Hoes not occur in the free st;it.e. Like all those elements which give rise 
to stable, strongly exothermic oxides, the silicon present in the cooling 
mass of the earth doubtless combined with oxygen before the temperature 
had fallen sufficiently for the oxides of mosJ of the other elements to be 
formed, and the silica thus produced has never since been decomposed. 
Elements which occur in the free state aie tluta the oxides of wljich are 
relatively easily decomposed. 

Inorg. 2 K * 
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state as a brown powder, dissolves in melted zinc, and when 
the solution cools crystals of silicon are formed ; these may 
be isolated by dissolving away the zinc with dilute sulphuric 
acid. 

Crystallised silicon is a black, lustrous substance of 
sp. gr. 2‘5 ; it is extremely inert, but it combines with 
chlorine when it is heated in this gas, and it is ata> attacked 
slowly by a boiling concentrated solution of potassium or 
sodium hydroxide, 

Si + 4Na()H = Na 4 8i() 4 + 2H 2 . 

The sodium orthosilicate thus formed probably undergoes 
hydrolysis and gives sodium metasilicate, 

Na 4 8i0 4 + H. 2 ( ) = Na. 2 SiO a + 2NaOH. 

Crystalline silicon is also attacked slowly by hydrofluoric 
acid, in presence of nitric acid, which oxidises the nascent 
hydrogen (compare, p. 340), 

Si 4- 4IIF ~ SiF 4 + 4H. 

Amorphous silicon is rather more readily attacked than the 
crystalline element; thus amorphous silicon burns to silica 
when it is heated strongly in the air, whereas the crystalline 
variety does not. 

Silicon hydride or silicane, SiH 4 , is formed in relatively 
very small quantities when silicon is heated with hydrogen 
at the temperature of the electric arc. It is obtained mixed 
with hydrogen and other hydrides of silicon (Si 2 H c , Si 2 H 4 ) 
when crude magnesium silicide (which, as a rule?, contains 
free magnesium) is warmed with dilute hydrochloric acid, 

Mg 2 Si + 411C1 - SiII 4 + MgCl 2 . 

The mixture of gases is spontaneously inflammable, prob- 
ably owing to the presence of the hydride Si 2 H 4 , but pure 
silicane is not. Silicane is decomposed into its elements 
when it is passed through a red-hot glass tube. 

* Silicon tetrafluoride, SiF 4l a colourless gas, is formed 
when qihea or any silicate is treated with hydrofluoric acid 
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(p. 400) ; but as it is decomposed by water no gas is evolved 
unless the hydrofluoric acid contains a relatively small quantity 
of water. For this reason silicon 
tetrafluoride is best prepared by 
generating (anhydrous) hydrogen 
fluoride in presence of silica ; this 
is done by heating a mixture of 
calcium fluoride (p. 401), sulphuric 
acid, and sand, 

CaF t) + II 2 S0 4 = 2IIF + CaS0 4 
Si0 2 + 411 F = SiF 4 + 2H 2 (). 

Silicon tetrafluoride fumes in the 
air and is decomposed by water, 
giving a gelatinous precipitate of 
ortho- or mela-silicic. acid and a 

solution of hydrofluosilicic acid, 

3SiF 4 + 4TI 2 0 = H 4 Si( > 4 
(or II 2 Si(> 3 + II 2 0) + 21I 2 SiF,. 

In preparing hydrofluosilicic acid 
by this method, the end of tlio 
delivery-tube from which the silicon Fig. 109. 

tetrafluoride escapes is dipped under 

mercury (fig. 109), and the water is then poured on to the 
mercury. Mercury must be used to prevent the stoppage of 
the delivery-tube by the gelatinous metasilieic acid. 

Hydrofluosilioic acid, H 2 SiF r „ is only known in aqueous solution 
ami in the form of its salts ; it is a strong dibasic acid. When its 
solution is evaporated the acid decomposes, silicon tetrafluoride 
volatilises, and a solution of hydrogen fluoride remains ; on con- 
tinued evaporation (in a platinum vessel) no residue is left. The 
salts of the acid are decomposed in a similar manner when they are 
strongly heated, 

K 2 SiF fl =2KF + ^F 4 . 

Potassium fluosUioate is only very sparingly soluble in water. 
Since hydrofluosilicic acid is stable in aqueo.ls solution, and ito solu- 
tion does not act on silica, a solution of hydrofluosilicic acid cannot 
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roiitiiin either HF or SiF 4 ; the acid, tliCMctore, is not a mixture of 
211 F and SiF 4 , hut a compound formed from these two substances. 

Silicon tetrachloride, SiCl 4 , may ho obtained by passing 
dry chlorine over a dry healed mixture of silica and 
charcoal,* 

Si( b) -f 2(J + 2<JL, SiOI 4 -+■ 2( JO • 

but as a very high temperature js mpuml for this reaction, 
a more convenient laboratory method is to heat either 
amorphous silicon, nr some cast-iron which is rich in silicon, 
in a stream of dry chlorine. The tetrachloride is collected 
in a well-cooled receiver; it is a liipiid boiling at 59 .f 

* Neither silica nor charcoal alone is acted on by chlorine, and silica is 
not acted on by carbon at the temperatures employed in this experiment 
(compare p. 512). 

f The relation between tlie equivalent and the atomic weight of silicon 
is based principally on determinations of the vapour density of silicon 
tetrachloride and other volatile silicon compounds, and not on an applica- 
tion of the law of Jiulong and Petit (p. 199), to which silicon may be said 
to form an exception. Thus the specific heat of crystalline silicon is 0’17 
at 22°, which would give to its atomic heat ft value 0*1 7 '• 28*3=4*8, if the 
atomic weight is 28'3. 

Several other elements form ‘exceptions' to tho law of Dulong and Petit, 
notably carbon and boron, and to a less extent sttl/ihnr and jiln >$}>// or its, 
inasmuch as, their specific heath being taken at ordinary temperatures, the 
values for their atomic heats aie considerably below the average (or con- 
stant) value, 0'4. The specific heat, however, varies very greatly with the 
temperature at which it is determined, and, as shown by the following 
data, the atomic heats of silicon, carbon, and boron all approximate to tlm 
average value when their specific heats at hi flit tern iterator™ are taken 
instead of those at low temperatures : 



HpHCifiP Ileal 

Tcnipeiature at which 
dftlcnmiic'l 

Atomic llcat. 

Silicon (crystallised) 

. 01800 

- 40° 


i» M 

. 0*2029 

232 

57 ) 

Diamond 

.* 0 1 128 

ir 

1-81 

h 

. 0-4589 

985 u 

5-5 / 

Graphite . 

. 0-1990 

or 

2-4 

N . . 

. 0*4070 

978“ 

50 

Boron 

. 0*1915 

- 40' 

a-i\ 

ii - 

. 0*3003 

233“ 

i:<) 


I Since* it is impossible toffcay at what temperatures the specific heats of 
the elements should he taken in order to obtain comparable values, the 
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Silicon tctmchlorido fumes strongly in the air and is 
violently hydrolysed hy water, giving hydrochloric acid and 
a gelatinous precipitate of ortho (or meta) silicic acid, 

SiCl,, + 411, 0 - 1 1 1 Cl + 1 1 4 Si( ) 4 (or U.,Si( ) 3 + h,( )). 

Silicon chloroform, SiflOlj, is obtained as a volatile liquid 
(!».]». 34 ,J ) when dry hydrogen chloride is passed over heated 
amorphous silicon ; it is hydrolysed hy water, and the s tiico- ortho - 
formic ttchl, Sill(OH).,, which is piohahly the initial product, 
immediately passes into the anhydride (IIKiO)./), derived from 
sifiroformic acid, HSiO Oll. 

Silicon forms compounds with carhon, nitrogen, and many 
other elements at the temperature of the electric furnace. 
The carbon compound, silicon carbide, SiC, generally known 
aB carborundum, is prepared on the large scale by heating 
sand with coke and sawdust, at about JIW, a little sodium 
chloride being added as a flux. The product is a brown or 
black infusible crystalline substance which resists the action 
of nearly (‘.very substance except fused alkali hydroxides. It 
is almost as hard as the diamond (which may bo polished witli 
carborundum), and it is largely used as an abrasive in cutting 
and polishing marble, in bevelling plate-glass, in sharpening 
tools, and in many other operations. 

Silicon dioxide or silica, SiO,, has already been described 
(pp. 292 and above). It is not acted on by any acid except 
hydrofluoric acid, blit it is converted into sodium liiotasilicate 
when it is fused with sodium carbonate or when it is heated 
with a concentrated solution of sodium hydroxide; precipi- 
tated amorphous silica undergoes these changes far more 
rapidly than does the crystalline variety. 

With the aid of the electric furnace, quartz is now melted 
and made into basins, tubes, <fcc., for use in chemical opera- 
tions — as, for example, in the concentration of ‘chamber acid.’ 
Much apparatus has one groat advantage over glass- - namely, 
that it does not crack when it is suddenly heated or cooled. 

‘ nbnormui ’ behaviour ot silicon, carbon, boron, &c., does not detract from 
the importance of Dulong and Petit’s law, Mid glow not throw anjr doubt 
pn the accepted vnluaa for the atomic weights of these elmenti 
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When a cold dilute aqueous solution of sodium silicate is 
poured into excess of dilute hydrochloric acid, the resulting 
solution contains a * soluble * colloidal acid (p. 327), which is 
possibly orthos Hide acid , TI 4 Si() 4 ,* 

Na 4 Si0 4 + 41IC1 = H 4 Ri(> 4 + 4NaCl. 

No precipitate is produced until the solution is heated, but 
on boiling for some time most of the dissolved acid separates 
as a gelatinous solid, which may be called metasilicic acid ; 
the whole of the soluble silicic acid, however, is not con- 
verted into this insoluble metasilicic acid unless the solution 
is evaporated to dryness and the residue is then heated at 
about 115°. The gelatinous precipitate is not constant in 
composition ; when heated it is completely converted into 
amorphous silica. 

The only soluble silicates are those of the alkali metals, 
and these compounds are formed in the manner described 
above; sodium silicate is a vitreous substance (soluble glass 
or water-glass) used in coating wood, <fcc., in order to render 
the material lireproof ; also as a cement for stone and plaster 
work. 

The soluble alkali silicates are hydrolysed by water and 
cannot be recrystallised, and the composition of any product 
depends on the method of preparation ; thus commercial 
water-glass has approximately the composition Na. 2 >Si 4 O fl , or 
NaJSiOy, 3Si0 2 , and is often only partially soluble in water. 

The molecular formula of silica is not known, as its vapour 
density cannot be determined, nor its molecular weight in 
solution. Judged by indirect evidence, its molecular weight 
must be very large. In the case of similar elements, their 
corresponding compounds generally show a fairly regular 
difference in boiling-point, or have boiling-points of about 
the same order. Thus carbon tetrachloride, CC1 4 , boils 
at 76°; silicon tetrachloride, SiCl 4 , at 59°; chloioform, 

* Orthosilicic acid has not ifeen obtained in a pure state, nor has sodium 
, orthosilicate, and it is not known whother the 'soluble ' or colloidal acid is 
the ortho- or the meta-aciS. 
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CHCLj, boils at 61 ‘5°; silicon chloroform, SiHCl 3 , at 34°; 
carbon tetrafluoride, CF 4 , and silicon tetrafluoride, 8iF 4 , are 
both gaseous at ordinary temperatures and pressures. Now, 
since carbon dioxide boils (sublimes) at - 79° (p. 163), whereas 
silica only volatilises at the highest temperatures of the 
electric furnace, it is concluded that the incomparably higher 
boiling-point of silica is due to its great molecular complexity ; 
that is to say, it is thought that the molecular formula of 
silica is probably (Si0 2 ) w , where n is some fairly largo whole 
number. 

When identical molecules associate or combine directly, 
thus forming more complex molecules of the same empirical 
formula as the original substance, the product is often called 
a poly mar it fo of the simpler substance, and the change which 
the latter undergoes is termed polymerisation. The pheno- 
menon of polymerisation is closely related to that of associa- 
tion (p. 384), and it is often impossible to distinguish between 
them ; hut as a general rule it may be said that the change 
is called polymerisation when there is some evidence that 
the molecules of the simple substance undergo a change in 
structure . 

Ordinary silica is doubtless a polymeride or a polymeric 
form of the simple oxide, Sif> 2 ; hut there are probably many 
varieties of silica, differing from one another in molecular 
formula. 

The nature of the union between the molecules of the 
oxide, Si() 0 , in its polymeric forms is not known, but it may 
be that combination occurs as indicated in the following 
scliemo : 

0:Si:0 + 0:Si:0— >0 : Si<^>Si : O, 

and that the molecules so formed undergo a change of the 
same kind, which is possibly repeated many times. 

A comparison of the properties »of metasilicic acid with 
those of carbonic acid seems to show that the former, like 
its anhydride, also consists of highly coinplex molecules. 1 



584 THE ELEMENTS OF THE CARBON FAMILY. 


Pol //*// ir ir, Acid*. - In addition to the diffluent polymeric 
forms of metasilicic acid which probably exist, many other 
acids derived from the anhydride, Si0 2> are known in the 
form of their salts ; these acids are named the polysilicic 
acids, and many of their salts, like those of ortho- and 
meta-silieie acids-, are important components of the earth's 
crust. 

Just as the hydn vide P(<>11). gives rise to ortho-, pyro-, 
and nieta- phosphoric arid (]>. 571), so also orihnsiJicic arid, 
Si(Oll). p gives rise not only to metasilieic acid hut to various 
other acids having compositions expressed by the formula 
wBi(OH), - ///UjjO. Those acids are distinguished as dinilicic 
acid, tririificic arid, and so on, according to the number of 
silicon atoms contained in their empirical formulas. Ortho- 
cJasr (p. 290), for example, may lie regarded as a potassium 
aluminium salt of a trisilieie acid, since 3>Si(< >11 ) 4 - I H.J) 
would give an acid ll 4 Si O s , the potassium aluminium salt 
of which would have, the composition of orthoclase -namely, 
KAlSi 3 ( > s . Mica (p. 291) may be regarded as a mixture of 
the silicates KAlSit > 4 and 211AlSi() 4 , derived from orlhosilieic 
acid. The compositions of such minerals are often expressed 
somewhat differently (p. (509). The great variety of rock 
materials i.-> thus due to the occurrence of numerous salts of 
various silicic acids, and these salts may be not only mixed 
together, but may form isomorphous mixtures or solid solu- 
tions with one another (p. 323). 

Germanium. Ge, at. wt. 7*2 .5, forms a connecting link between 
silicon and tin, and its propel ties arc; such as would he expected 
from its position in the pci iodic, system. It gives rise to two 
oxides, namely, germanoue oxide, GeO, and germanic oxide, GcO a ; 
but even the lower oxide is only feebly basic, and germanium itself 
is insoluble in hydrochloric acid. It does not fmm a hydride, but 
it gives a tetrachloride, Ge( <]„ which is hydrolysed hv water. Get* 
manium is a very raie element, and is of interest chiefly on account 
of its existence having beer* predicted (p, 726). 
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Tin, Sn ; At. Wt. 1 19. 

Although manganese and chromium arc metals, they arc 
seldom seen, and arc at present little used except iji the form 
of alloys. Ihsinuth, although a fairly common metal, is also 
of limited usefulness. The metal tin, therefore, is the first 
case to he considered of a metal which is* prepared in very 
large quantities (about 95,000, tons per annum), and is in 
daily use. For this reason one of the various methods of 
extracting the metal from its ‘ore’ is described in some 
detail, as an illustration of such large-scale metallurgical 
operations. 

Tin is not found in the native state. It occurs almost 
entirely in the form of the dioxide, Sn() 2 , in the mineral 
tin-stuim oi- fv/.W/cr/Vc, which is mined in huge quantities 
in the Malay Peninsula and also occurs in many other parts 
of the world; the tin-mines of Cornwall, for example, have 
been worked since very early times. 

Cassiterite is of a dark -gray colour owing to the presence 
of black sulphides; it generally contains arsenical pyrites 
(p. 552), copper pyrites, and other minerals, and its specific 
gravity is about 6T>. 

The reduction of the dioxide, to the metal is easily accom- 
plished by heating the cassiterite with some carbonaceous 
material such as anthracite (p. 118), 

Kn0 2 -f *20 ~ Sn + 200 j 

hut before this is done it is necessary to get rid of the 
combined arsenic and sulphur in the ore. Tt is also neces- 
sary so to arrange matters that the earthy impurities ({ja?njne\ 
consisting in this case principally of silica, are transformed 
into some product which can he melted and then run oil, or 
raked off, the melted metal ; this fusible product is known as 
a slag, and the material which is added in order to convert, 
the earthy impurities into a fusible .flag is known as a flux. 

These results arc accomplished in the following manner : 
After the ore has been sorted and crushed, and freed* from 
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lighter earthy matter hy washing it with water (p. 29), it is 
first roasted (p. 229) in a reverberatory furnace (fig. 110) 
in order to oxidise the sulphides and arsenides of iron and 
copper. The arsenical pyrites is thus converted into sulphur 
dioxide, arsenious anhydride, and ferric oxide, and the copper , 
pyrites into sulphur dioxide, copper oxide, and copper sul- . 
phate. The furnace gases are passed through long flues 
or condensing chambers in which the arsenious anhydride 
(p. 555) is deposited. The ore is afterwards washed with 
water to free it from copper sulphate, and witli dilute 
hydrochloric or sulphuric acid to free it from copper oxide. 

The prepared ore, which consists essentially of tin dioxide, 
silica, and ferric oxide, is mixed with 15 to 20 per cent, 
of anthracite and a little slaked lime, the mixture is damped 
with water (to lay the dust), and placed in a reverberatory 
furnace, in which it is gradually heated to a suitable tempera- 
ture. The tin dioxide is then reduced, while the silica 
combines with the oxides of iron and of calcium to form a 
fusible slay. The contents of the furnace finally separate 
into two layers ; after the molten slag is raked oif the surface 
of the metal, the tin is run out through a tap-hole placed at 
the lowest part of the hearth or bed of the furnace. 

A reverberatory furnace such as is used in 4 smelting * tin 
ores and in many similar metallurgical operations is shown 
below (fig. 110). The bed (a) of the furnace, which may 
he from 5 to 12 feet long, and from 3J to 8 feet broad, 
consists of fire-clay supported on iron bars. The charge is 
introduced through the door (ft), and the slag is withdrawn 
through tlie door (c). The necessary raking and stirring 
of the charge are also carried on through these doors. The 
contents of tlie furnace are heated from above ; the flame 
from the fire (d) passes over the fire-bridge (e), and is 
deflected from the low roof of the furnace, the necessary 
draught being produced* by the chimney (/). The tin is 
.run off through the tap-hole, which is meanwhile plugged 
witli Slay, and is then cast into moulds. 
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In order to purify the metal, the * ingots ’ are gradually heated 
on the sloping hearth of a reverberatory furnace, whereupon 
the tin (which has a low melting-point) liquefies and runs 
away into a receiver (heated by a fire below), leaving a less 
fusible mixture of iron, arsenic, and other impurities. This 
process is called liquation. 

The metal is then skimmed to remove oxides (dross), and 
a bundle of green logs, fastened to an iron bar, is pushed 
under the surface. The escape of steam and gases from the 



Fig. 110. 


wood (as a result of its' destructive distillation, p. 114) 
causes a * boiling,' and the metal is thus brought into contact 
with the air, whereby most of the impurities are oxidised. 
Instead of this process, the molten metal may be taken 
up in ladles and poured into another vessel in a thin stream 
(‘tossing'). In either case the dross which is thus formed 
is finally removed, and after the metal is allowed to settle 
for some time it is ladled into moulds. The upper portions 
consist of almost puro tin ; any copper and iron which may 
be present collect in the lower portions, and the latter are 
again refined. • , 
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Commercial tin of "nod quality contains only 0*1 to 0*2 
per cent, of impurity, which consists principally <»f antimony, 
lead, and iron. 

Tin is a* highly lustrous, silvery muted of sp gr. about 7'3, 
and harder than load, but softer than other common metals. 
It is easily obtained in distinct crystals ; if, for example, a rod 
of zinc is placed in a solution of stannous chloride, the tin 
which is displaced separates on the zinc rod in a crystalline 
form, 

SnCl 2 4- /n - ttn -f- ZnCh,. 

Rods of the metal when bent emit a low grating sound, 
known as the ‘cry id tin/ which is due to the crystal faces 
grinding against one, another. 

Jn spite, of its crystalline character, tin is very mall rabid at 
ordinary temperatures — that is to say, it may be rolled or 
beaten into thin sheets (tin-foil) ; oil the other hand, just 
below its melting-point it is brittle, and may then be 
powdered. It melts at about and boils at a white- 

heat. 

Tin may slowly change and become gray and brittle w hen it- is 
exposed to a low temperature for a long time, owing to its trans- 
formation into a more stable allotropie foim ; the occurrence ot 
this change is known as the ‘ tin pest.* 

Tin is used for making still-heads, condensers, and other 
vessels for domestic, laboratory, or manufacturing purposes ; 
in the form of tin-foil it is employed in making mirrors, in 
lining boxes, in packing various articles, &c. Perhaps its 
most important applications, however, are for coating other 
metals, especially iron and copper. 

In manufacturing tin -plate * the material so widely used in 
making ‘tins’ for preserved foods, &e., thin sheet-iron, very 
carefully cleaned, is dipped into molten tin. The coating of tin 
pi ‘'Vents the msling of the iron 

When a piece of t in-plate* is placed for a few moments in a suit- 
able solution, such as a mixture of hydrochloric acid (2 parts), nitric 
acid (Impart), aiul water party), and is then washed with water, 
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the surface is etched and the crystals of tin are often very clearly 
seen, because tiie different faces of the crystals are corroded to 
different extents. 

• 

Alloys of tin ami lead, containing from 66 to 33 per cent, 
of tin, form plumber's solder of various qualities ; an alloy of 
3 parts of tin to 1 part of lead is known as pewter. Britannia 
metal , a silver- white alloy used in making spoons, Ac., 
consists of tin (9 parts) and antimony (1 part), sometimes 
with a little zinc and traces of copper. Bronze and other 
important alloys of tin and copper are mentioned later 
(p. 654). 

Tin does not oxidise, to any appreciable extent even in 
moist air at ordinary temperatures; hut when sLrongly heated 
it burns brightly and is rapidly converted into the dioxide. 
It is rather easily attacked by hot concentrated hydrochloric 
acid, giving stannous chloride, with liberation, of hydrogen ; 
by hot concentrated sulphuric acid, giving stannous sulphate, 
sulphur dioxide, and water; and by concentrated nitric acid, 
giving insoluble metimtaniric acid (p. 592) mid reduction 
products of nitric acid (p. 530). When boiled with sodium 
hydroxide it gives hydrogen and a solution of sodium meta- 
s tan mite, 

ISn + 2J\ T aOH + 11,0 - 211, + Na.,8n( > ; , 

Stannous chloride, Sn(J4,, is the starting-point in the pre- 
paration of many of the tin compounds, and is obtained in 
hydrated crystals, SnCI„ 211^0, when the metal is heated 
with concentrated hydrochloric acid, and the solution is after- 
wards concentrated. 

This salt is readily soluble in water, hut is hydrolysed to 
a slight extent, giving an insoluble hasie salt, KnCl(OH) ; on 
a little hydrochloric acid being added, the reaction is reversed 
and the solulion becomes clear. 

On exposure to the air such solutions undergo oxidation 
and stannic chloride is formed; as tiiis change occqrs in 
presence of hydrochloric acid, produced by the hydrolysis 
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of the stannous chloride, it may be expressed by the 
equation, 

2SnCl 2 + 4H Cl + ( ) 2 = 2SnCl 4 + 21I 2 0. 

In consequence of the readiness with which stannous chloride 
is oxidised it is used in the laboratory as a reducing agent. 
Thus it reduces the higher chlorides of iron, copper, and 
mercury to the lower chlorides, 

2FeCl, 4- SuCI, = 2 Fed, + SnCl 4 
2CuCl 2 + SnCl, - 2CuCl 4- SnCl 4 , 

and in the case of mercury it also reduces the lower chloride 
to the metal, 

2HgCl 2 4- SnCl 2 -- 2HgCl + SnCl 4 
2HgCl + SnCl 2 ■= 2Hg + SnCl 4 . 

The reactions expressed by the last two equations are used 
in testing for ‘mercury ’ and for ‘ tin * in qualitative analysis. 

Stannous chloride is used as a mordant under the name 
of ‘ tin salt.'' 

Stannous hydroxide, Sn(()II) 2 , is obtained as a colourless 
precipitate on a solution of an alkali hydroxide or an alkali 
carbonate* being added to a solution of the chloride. It 
gives, with acids, the corresponding stannous salts, but 
towards the alkali hydroxides it acts as a weak acid, and 
gives soluble stanuii ex, 

Sn(< )H )„ 4- NaOII = Sn(OH)ONa 4- H 2 0 
or Sn(OH)“ 4- 2NaOH - Sn(( )IS T a), 4- 2H 2 (). 

The stanniles are unstable and decompose when their solutions 
are heated, giving a metastannate and a deposit of tin, 

2Sn(OII )ONa = Na- 2 Sn( )., 4- H 2 0 4- Sn. 

Stannous oxide, SnO, a brown powder, prepared by heating 
the hydroxide out of contact with oxygen, burns in the air, 
giving stannic oxide. 

Stannic chloride, SnCl 4 , is prepared by passing a stream 
of dry chlorine over granulated tin ; an apparatus such as 

* Stannous carbonate is not obtained, doubtless because it undergoes 
hydrolysis. 



THE ELEMENTS OF THE CARBON FAMILY. 591 


that shown in fig. 107, p. 544, may be used. The product is 
a colourless fuming liquid, which boils at 114°, and is easily 
purified by distillation. When mixed with a si y all propor- 
tion of water it gives hydrated crystals, SnCl 4 , 3II 2 0 ( butter 
of tin), which are soluble in water, but in time the salt under- 
goes hydrolysis and soluble stannic acid is formed,* 

SnCl 4 + 4H 2 (> = Sn(( )H) 4 + 411C1. 

When such solutions are boiled or treated with ammonium 
hydroxide the soluble stannic acid is converted into an 
insoluble (meta) stannic acid, the composition of which may 
be represented by the formula n 2 Sn0 3 ; this substance dis- 
solves chemically in hydrochloric acid, forming stannic 
chloride, and in alkalis, giving (meta) stannates, such as 
Na 2 Sn0 3 . 

Ammonium stannichloride, Sn01 4 ,2Nll 4 Cl or (NH 4 ) 2 SnCl 6 , 
is obtained by mixing stannic ehloride and ammonium chloride 
in aqueous solution, and then concentrating the solution; 
similar compounds are formed from stannic chloride and the 
chlorides of some of the alkali metals. 

The compounds thus obtained are doubtless produced from 
their constituents by chemical change, and arc not mere 
double salts (p. 322) or solid solutions, but salts of an acid, 
H 2 SnCl 6 . 

Many cases are known in which two salts unite directly, 
giving a compound which does not show some of, or all, the 
reactions of one of its constituent metals, and when such 
compounds undergo electrolysis this particular metal is 
contained in the negative ions, while the other metal forms 
the positive ions. In such cases it must be concluded that 
the two salts have undergone chemical change and have 
united to form a mpre complex substance. Salts of this 
kind, for want of a better term, are spoken of as complex 
salts, and the acids corresponding with them as complex acids. 

O 

I * It is probable that this hydrolysis occurs in stages, soluble compounds 
I BUch as SnClg'OH, SnCl 2 (OH) 2 , being first formed. 
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It is often very dillioult to decide whether a given substance 
should be regarded as a. double salt or as a complex salt, as 
they grade into one another, and many complex salts are 
more or less decomposed in aqueous solution. Some complex 
salts, however, such as the complex cyanides (pp. 705, 708), 
are very stable. 

Complex salts are also formed m - other ways ; as, for 
example, by the combination of a salt with the lialide of a 
non-metal, as in the case of tin; tl uosilieates (p. 579). 

Stannic oxide, Sn(> 2 , may be obtained by treating tin with 
excess of concentrated nitric acid until all the metal has 
been changed. Tin*- product is then washed with water, and 
afterwards ignited ; while hot it is yellow, but it becomes 
colourless when cooled, without undergoing a change in 
composition. 

This preparation is only very slowly changed into a soluble, 
chloride by concentrated hydrochloric acid, but when fused 
with alkali hydroxides it gives motastannates which are 
solublo in water. 

The original product of the action of nitric acid on tin is 
probably metastannic acid, ll 2 SnO s ; but this preparation is 
not readily soluble in sodium hydroxide, like that precipi- 
tated from a solution of stannic chloride on the addition of 
ammonium hydroxide; tin; cause of this difference is unknown, 
hut it may he that the acids are different polymerides (p. 583) 
of 1I 2 SiiO s . 

The sulphides of tin correspond with the oxides, and may 
he precipitated by passing hydrogen sulphide through solutions 
of stannous and stannic chlorides respectively. 

Stannous sulphide, Snft, is dark brown, and stannic 
sulphide, SnS„, is yellow. 

They are both readily acted on by a solution of yellow 
ammonium sulphide (p. 567), and are hoth converted into 
soluble ammonium tl host annate, 

SnS +<NH 4 ) s 8,K = (NH,) ,SnS M 
SnS* +■ (M H 4 ) 2 S = (Nll^SnSy 
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On hydrochloric acid being added to solutions of this salt 
Blau me sulphide is precipitated. Staim ous sulphide is not 
acted on by colourless ammonium sulphide (p. 567), but 
concentrated hydrochloric acid converts both sulphides into 
chlorides. 


Lead, Pb ; At. Wt. 207*1. 

Lead is very rarely found in the native state, and its 
principal ore is a black, lustrous, crystalline mineral known 
as galena, which consists of lead sulphide, PbS, but generally 
contains a very small proportion of silver sulphide, Ag 2 S. 

I Cerussite , PbC0 3 , angles ite , PbS0 4 , and crocoidte , PbCr0 4 , 
are other ores of lead. 

The method employed in obtaining the metal from galena 
depends on the fact that when lead sulphide is strongly 
heated with lead oxide or with lead sulphate all these 
compounds are reduced and sulphur dioxide is evolved, 

2PbO + PbS = 3Pb + S0 o 
PbSC 4 + PbS = 2Pb + 2S0 2 . 

The process, therefore, consists in oxidising some of the 
sulphide to oxide and sulphate at a relatively low temperature, 

2PbS + 30., - 2PbO + 2S0 2 
PbS + 20 2 = PbS0 4 , 

and then melting the whole mass in order to bring about 
reduction. The operations are carried out in a reverberatory 
furnace (fig. 110, p. 587), and the molten metal is finally run 
ofF into an iron ‘ kettle ; 7 here it is well stirred with coal slack 
(coal dross) and some live coals to reduce any remaining oxides, 
and after the slack is skimmed off, the metal is cast into moulds. 
This product is impure, and contains variable quantities of anti- 
mony, copper, silver, &c., which render it hard. It may be 
refined by keeping it melted and stirring it in the air, when 
most of the impurities are oxidised * and are then skimmed 
off as a ‘dross;’ it is further refined ^Luring the processes 
which are used in extracting silver from it (p. 594). 

2 L 


lucre. 
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When galena contains earthy matter (silica) and other impurities, 
it* mliicimn I»y l lir above process is unsatisfactory, owing to tins 
foi iiiation of h*:i.d silicate; m such cases Lho oie is strongly healed 
with ii on and coke ami a ilu\ (j». oKf>) in a small blast-furnace. 
The lead sulphide is then i educed hy the iioii, 

PhS i Fe— l’h i Fett, 

and the sulphide of iron thus fonued give*, together with some 
sulphide of lead, a fusible product (matte) ; the lead and the matte 
are lapped out together, and when the lattei has solidified at the 
sui taco of the molten metal it i* removed. The silica combines with 
ferrous oxide (pioduced from feme oxide which is added as a Jinx) 
to foim a fusible slag, which is drawn oil the surface of tin* matte 
before the furnace is tapped. 

Foi the 1 eduction of oxides of lead a pioeess similar to that just 
described is employed, but the i eduction is then brought about 
by the carbon of the fuel, or by the carbon monoxide foi mud fiom 
it (p. 2SS) ; iron is not added, but is produced in the furnace from 
oxides of iron which are added as a tlux, and therefore any sulphide 
of lead piesent in the furnace chaise is also reduced. 

The three pioeesses described above are known as the air reduc- 
tion, the iron reduction or precipitation, and the carbon reduction 
pi ocess respectively. 

The smoke and fumes from the furnaces in which lead ores 
are treated contain oxide of lead and many other substances, and 
are led into chambers or fines in which the solid matter in deposited. 

Mu fraction of Si/rcr from Crude Load . — Although the 
quantity of silver contained in crude lead may be very small 
(say 0*15 per cent.), it is possible to extract this silver profit- 
ably, and at the same time to purify the lead, even when 
the quantity of silver amounts to less than 0*01 per cent, 
(that is, less than about 3A oz. per ton). 

Processes based on two dilleront principles are used for 
this purpose. 

Parke's process depends on the fact that when molten 
argentiferous lead is thoroughly stirred with a small propor- 
tion (say 1*5 per cent.) of zinc, and the metals are then left to 
cool slowly, the zinc separates from the lead, rises to the surface, 
and carries with it niost of the. silver which was contained 
in the mad ; the zinc alloy, which solidities before the lead, 
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infiy bo then removed and the process repeated if necessary 
with a fresh quantity of zmc. 

The zinc, alloy, which is mixed with a. large proportion of 
lead, and with small quantities of other metals originally 
present in the crude lead, is iirst liquated (p. 587) and then 
strongly heated in plumbago crucibles; the zinc which distils 
oft* is condensed. 'Hie remaining alloy of lead and silver 
is finally submitted to cupellation (p. 596) in order to obtain 
the silver. 

After treatment with zinc the lead is practically free from 
silver, but it now contains a small proportion (say 0*75 per 
cent.) of zinc, as this metal docs not separate completely from 
the molten load , this impurity is got rid of by melting the 
lead and blowing air over the surface. Tin; zinc and some 
lead are thus oxidised, and the scum or dross is scraped 
from the molten metal, the process being continued until 
the dross consists of pure lead oxide. The pure c soft 'load 
is then run into moulds. 

7 *atthnton*8 prongs depends on the fact that when molten 
argentiferous lead cools slowly, crystals of pure lead are first 
deposited from the liquid mixture ; by separating these 
crystals from the argentiferous mother liquor as completely 
as is practicable, one portion of the metal is obtained much 
richer, another much poorer, in silver than the original 
argentiferous lend. Each of these portions may now be 
treated in the same way as was the original material, and 
by repeating these processes in a systematic manner it is 
possible, to obtain (a) a very rich argentiferous lead, and (/>) 
lead practically free from silver. During these operations 
the other impurities in the lead are oxidised and removed as 
dross, so that the metal finally obtained is almost chemically 
pure. 

In carrying out Pattinson’s process t^e crude lead is melted in 
large iron pans (holding about 9 tons) which are heated by a fire 
below ; the scum or dross of oxides is sernped off, and the yietal 
is then cooled if necessary by throwing water on the surface. 
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When crystallisation commences the metal is kept well stirred, 
and, as crystals form, they aie removed with long perforated ladles ; 
this process is continued until about § of the whole has been 
removed. - The original sample hawing contained, say, 0*07 per 
cent, of silver (25 oz. per ton), the enriched £ may now contain, 
say, U'13 per cent. (47 oz. pen- ton) and the impoverished 
§ only 004 per * cent. (14 oz. per ton). If now the enriched 
portion, mixed with one or more similar charges from other 
operations, is again treated, the proportion of silver in the enriched 
material may then reach, say, 0 2 percent. Similarly, by a second 
treatment, of the impoverished lead which contains 0*04 per cent, 
of silver, the quantity of the latter may be reduced to, say, 0*03 
per cent. These processes having been repeated several times, 
the final products are Market-lead^ which contains only about 
04)015 per cent, of silver, and argentiferous lead, which may con- 
tain as much as 1 per cent. (300 oz. per ton) of silver. 

The rich argentiferous lead is now submitted to appellation. 
It is melted in a furnace and an air-blast is played on the 
surface of the metal. The lead is thus oxidised and the 
lead oxide (litharge) which is formed is removed ; this 
operation is continued until the whole of the lead has been 
oxidised, and there then remains a bright mass of silver. 
The lead oxide produced in this process may be used, as 
such, or reduced again to metal. 

The bed of the cupel -furnace is lined with bone-ash (p. 535), 
which is very porous. Most of the molten litharge is blown oil* the 
surface of the metal by the ail -blast ; the rest is absorbed by the 
porous furnace-bed. 

Lead is a soft metal of sp. gr. 11-3; it has a somewhat 
bluish -gray, silvery lustre, hut it soon tarnishes on exposure 
to the air. It melts at 326° and crystallises readily. Thus 
it is deposited in crystals when a piece of zinc is placed in 
a solution of some lead salt, such as lead acetate (p.-279), 

Pb(C 2 H 3 ( ),), + Zn = Pb + Zn(Cjr 3 0 2 ) 2 . 

It is mall eal ile, and hi ay be rolled or beaten into foil, and 
two clean surfaces ^iay be welded together ; when warm it 
may b- forced through dies and formed into pipes, but it 
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becomes brittle just below its melting-point. Its physical 
properties are very considerably modified even by small 
quantities of other elements; a little (0-5 per cent.) arsenic, 
for example, makes it very much harder and less malleable. 

Lead is used principally in the manufacture of water- and . 
gas-pipes, and of sheets which are employed for roofing 
purposes, for making cisterns, pans, &c., and for the con- 
struction of sulphuric acid chambers (footnote, p. 485). 

Alloys of lead, such as solder and pewter (p. 589), are also 
of considerable importance. 

Type-metal , an alloy of lead (about 80 percent.) and antimony 
(about 20 per cent.), is readily fusible, expands on cooling (and 
therefore takes a sharp impression when east in a mould), and is 
very much haider than lead. Sometimes a little tin, arsenic, copper, 
or other metal is added to increase the hardness. 

Shot-medal is prepared by melting lead with arsenions anhydride 
and charcoal. The product, which contains about 0*5 per cent, 
of arsenic (reduced from its oxide), is poured through a per- 
forated iron basin at the top of a shot-tower, whence it drops 
into a solution of sodium sulphide. The arsenic makes the lead 
much harder; the sodium sulphide gives the shot a coating of lead 
sulphide which protects the metal from oxidation. The spherical 
shot are separated from the ‘tails’ by running them down a spiral 
plane, and are then coated with graphite by shaking them with 
this material. 

Lead is rather rapidly changed when it is exposed to 
the air, and is converted into a mixture of hydroxide and 
carbonate, 

2Pb + 2IIyO + () 2 = 2Pb(OII) t> 

Pb(OH) 2 + C<) 2 - PbCC) 3 + H 2 0 ; 

but. the carbonate forms a protective layer, and the change is 
only superficial. Distilled water which contains some dis- 
solved oxygen attacks the metal rapidly, and lead hydroxide 
(p. 599) passes into solution ; but when the distilled water is 
first freed from dissolved oxygen and carbon dioxide by boil- 
ing it for some time, it has no action ion the metal. 

As all soluble compounds of lead are highly poisonous, and 
as even the * insoluble * compounds may he transformed* into 
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soluble ones in the human body, the action of various qualities 
of natur.nl waters on the leaden pipes in which they may bo 
conveyed is of great importance. Soft waters, which contain 
dissolved oxygon hut only small quantities of sulphates and 
carbonates, and waters from peaty districts which may con- 
tain vegetable * acids, sometimes become poisonous when 
passed through lead pipes, owing to their solvent action. 
Hard waters, however, although they also act on the metal, 
do not convert it into soluble compounds ; the carbonates 
and sulphates of calcium and magnesium give rise to an in- 
soluble protective coating or scale, which prevents any further 
appreciable action. 

Nitric acid (diluted) acts on lead rather vigorously, forming 
lead nitrate, oxides of nitrogen being evolved. Hydrochloric 
acid and sulphuric acid have, very little action, even on warm- 
ing, unless the metal is in a line state of division. 

When lead is heated in the air it gives either lead mon- 
oxide or red-lead, according to the conditions under which 
oxidation occurs. 

Compounds in which Lead is Uivalent. 

Lead monoxide, PbO, is one of the more important lead 
compounds, and is the basic oxide from which the lead salts 
are derived. It is prepared on the large scale in the process 
of cupel lation (p. 596) by exposing molten lead to an air- 
blast ; the product melts, and solidifies when cooled to a 
yellowish-brown crystalline mass known as til hart ft*. The 
same oxide, obtained at lower temperature^, without, inciting 
it, and also by heating white lead (p. GOO j, is yellow, with a 
tinge of red, and is called ntmwirot. ' 

Lead monoxide may he prepared in the laboratory by 
heating lead nitrate (p. 242), 

2Pb(NO.£, 2 PbO -MNtf) s + 0 2> 

or load carbonate, l^ul hydroxide, fed-lead (p. 81), or lead 
dioxide. It is insoluble in water, ajjrfe^ith acids it gives 
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load salts ;md water ; hence it is used in preparing soluble 
lead salts such as the acetate (p. 279), 

PbO + 2ty I 4 () y -- l , l.(C 2 n 8 O g ) a + R>0. 

It is also employed in making Hint glass (p. 294) and red- 
lead, and in glazing earthenware. 

When lead monoxide is heated with a concentiated solution of 
sodium hydroxide it gives soluble sodium plnmhite (see below), 
hut on the saturated solution being cooled, some oxide separates 
in lustrous yellow crystals. 

Lead hydroxide, Pb(Oll) 2 , is obtained as a colourless pre- 
cipitate when a solution of a lead salt, is treated with an 
alkali hydroxide. It is appreciably soluble in water, giving 
an alkaline solution, and with acids it yields lead salts; 
it also gives soluble. pbimhiUt* with sodium or potassium 
hydroxide, 

PbpHIj.H NaOll lH»(4)Nu)ntl l H/>. 

The more important soluble lend salts, munch, the nitrate 
(p. 212) and tlm arcto/r (p. 279), June been described ; the 
insoluble or sparingly soluble, salts are prepared from these 
compounds by precipitation. 

Lead chloride, PbCl 2 , is only sparingly soluble in cold 
water, but. dissolves fairly readily in hot water ; it is easily 
purified by recrystallisation, and forms colourless needles. 

Lead bromide, PbBr,, is colourless, but lead iodide, Pbl 2 , 
is yellow; both salts may he rc ‘crystallised from boiling water, 
in which, however, they arc only very moderately soluble. 

Lead sulphate, PbS() 4 , is obtained as a colourless precipi- 
tate when sulphuric acid or a solution of a sulphate is added 
to a solution of a lead salt; it. is practically insoluble in 
water, but dissolves chemically in sodium hydroxide solution. 
Lewi chromate, PMtO,, has already been described (p. f>09). 

Lead sulphide, PbS, is obtained by precipitation (p. 220); 
but in presence of much hydrochloric acid a brick-red pre- 
cipitate, 3 PI >S,2PbCl 2 , may be first produced. 

Lead carbonate, PbGO r may be obtained by treating a 
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solution of a lead salt with ammonium carbonate; but when 
sodium carbonate is used the precipitate contains some lead 
hydroxide, owing to the occurrence of hydrolysis, 

# PbCO, + 2TI 2 < ) - rb(OH)., 4- H, CO T 
Such a prcci])itate is termed basic lead carbonate ; it is 
insoluble in water. 

Basic carbonates of load, having approximately the com- 
position 2PhC0 3 , Pb(OH) 2 , are pro])ared on the large scale 
by various processes, and such preparations are known as 
white-lead . 

The oldest process, and the one which gives the best product, 
is known as the Dutch method. Thin sheet lead, formed into 
spirals, is placed in earthenware vessels, the spirals resting oil 
ledges some distance above the bottom of the 
vessel (fig. 111). The vessels contain a little 
vinegar (acetic acid, p. 279), and are cmeredby 
plates of sheet-lead (or by gratings or ‘wickets* 
of lead). These vessels are then packed in manure 
or spent tan in horizontal layers which aic sepa- 
rated by boards, the whole being enclosed in brick 
chambers. In the course of about three months 
most, of the lead is changed into a dense, porcelain- 
like mass of white-lead. The chambers are then 
unloaded, the spirals, sheets, and gratings (which 
retain their original shape) are crushed in a mill, 
and any unchanged lead is removed ; the white- 
lead is then ground up and well washed with water, 
passed into settling- tanks, and finally dried. The 
manure or spent tan used in this process undergoes ‘decay* or 
fermentation, giving carbon dioxide, and the heat development 
accompanying this fermentation accelerates the formation of white- 
lead. 

Most of the processes for the preparation of white-lead 
depend on the fact that lead is acted on by acetic acid 
(vapour) in presence of atmospheric oxygen, giving basic lead 
acetate, and by water arn^ oxygen, giving lead hydroxide, 

2Pb + 2C,li 4 ( >, + U 3 - 21*1 »(C J I./) 2 )OlI 
• 2Pb + 2H 2 0 + 0 2 = 2Pb(()H)“. * 



Fig. 111. 
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The basic lead acetate is then decomposed by carbonic acid, 
giving lead carbonate, 

Pb(C 2 H,G 2 )( )H + H 2 CO f , = PbC0 3 + C 2 H 4 0. 2 + H 3 0, 

while the liberated .ice tic acid acts on fresh quantities uf 
the metal in the manner shown above. These changes may 
be brought about by suspending sheet lead in a chamber 
on the iloor of which are vessels containing dilute acetic 
acid, and then passing in steam, air, and carbon dioxide. 
The product is freed from lead acetate by washing it with 
water. 

The principal use of white-lead is as a paint, for which 
purpose it is mixed with linseed-oil. This paint has a 
greater ‘covering power 1 than other white paints (such as 
zinc oxide, lead sulphate, or barium sulphate), and is exten- 
sively used in spite of the danger of lead-poisoning which 
attends its manufacture, and of the fact that it is liable to 
become yellow or brownish in town-air, owing to the forma- 
tion of lead sulphide. 

Compounds in which Lead is Quad divalent. 

In lead monoxide, and in the hydroxide and salts derived 
from it, lead is bivalent; hut this metal also gives rise to a 
few well- know'n compounds in which it is quadrivalent, and 
which are of the same type as the corresponding derivatives 
of carbon, silicon, and tin. 

Lead dioxide, P1>0 2 , is most conveniently prepared in 
the laboratory by treating red-lead with dilute nitric acid 
(p. 178), separating the dioxide hv filtration, and washing 
it with water. It may also be obtained by oxidising load 
hydroxide suspended in water with sodium hypochlorite or 
hypobromite (p. 429), 

Pb(OH) 2 + NaOCl - PbO, Na( '1 + II 2 0. 

It is a dark -brown powder which ^ives lend monoxide 
and oxygen when it is heated (p. 178). When wanned with 
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concentrat'd hydrochloric acid it gives lead chloride, chlorine, 
and water, 

PW>. I + 4II< , 1 PbC 1, + Cl, + 211,0; 

and with hot concentrated sulphuric acid it gives lead 
sulphate, oxygen, and water, 

2 Tb< )., + 2H,NO t = 2PbK0 4 + () 2 + 2H,0. 

The salts thus formed are derived from lead monoxide,, 
and not from the dioxide, so that the latter does not act 
as a basic oxide under the above conditions. 

Neveitlieless lead tetrachloride, PbOI 4 , anti lead Aetracetate, 
l*h((LH ;{ 0.,) 4 , wilts which are ilciiu'd fiom lead dioxide, are 
known. The tetrachloride is formed a\ lien leatl dioxide is treated 
with hydioeliloiie acid at low temporalities ; it is unstable, and 
its solution evolves cldoiiiie even at ordinary tempeiiitures, lead 
diehloride being foimed. The complex salt (p. 591). (Kll 4 ) a l*h(9 ri , 
is moie stable. 

Towards strong basic oxides, lead dioxide behaves like an 
anhydride, and gives rise to salts which art* derived from 
orthoplunibic acid, PhfOII) p or from mctapluinhic acid, 
Pb( )(l )1I),. Thus, when lead monoxide is heated with excess 
of sodium carbonate or calcium carbonate in a stream of 
air an orthojilnitiftafr is formed, 

2PbO + 4Ka,CO, { + ( ), - 2Na 4 Pb0 4 + 4C0» 

2Pb< ) + 4CaCO, ’+ 0,1 2Cu,Pb( ) 4 + 400, ; 

eijuiinolecular proportions of lead monoxide and sodium 
carbonate, however, give tin* Wfinp/tnuha /^ , 

2Pb< ) + 2 iS T a,C< ), + ( >, = 2Na,PhO g 4- 2C( ),. 

Calcium plumbate is decomposed when it is heated at a 
suitable temperature in a stream of eaibon dioxide, the 
above change being reversed, av i 1 1 i liberation of oxygen; 
this reversible reaction may there! ore be utilised for tlie 
preparation of oxygen frtin the air (AW>wrVt proeesx). 

L« a<l dioxide is often called lead peroxide ; as, however, in 
some* respects it behaves like an anhydride, and resembles 
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lmmgiuieso, dioxide rather than barium peroxide, the name 
used above seems to be the more suitable one. 

Lead dioxide and other oxides of lead are used in 
acini mulators. 

Red-lead, Pb ;{ 0 4 , is manufactured by carefully heating 
lead monoxide at about 350" in a free supply of air, 

6PbO -ML - 2Pb ;} ( > 4 ; 

but a product of better colour is obtained by heating white- 
lead under similar conditions. It lias a bright- red colour, and 
is used as a paint, and in making flint, glass, and as a lute. 

When heated alone at temperatures above 550", it. gives 
lead monoxide and oxygen ; with dilute nitric acid it gives 
insoluble lend dioxide, and a solution of lead nitrate, 

i'\o 4 + -i iiN ( ) mi - pi>o,+ 2i>h(xo s y,+ mjo ; 

wliereas with hot concentrated hydrochloric acid it gives 
lead chloride and chlorine, 

Pb/lj + 81IC1 - 3PbCl, + Cl, + 4H a O. 

Tlie behaviour ol rod-lead towards nitric acid seems to show 
that tlie substance is really lead orthoplunibate — that is to 

say, the lead salt of orthoplumbio acid, l > lx"|^>Pb<'^>Pb ; 

the action of the nitric acid is to decompose, this salt, giving 

lead nitrate and orthoplumbic acid, ^Pb<C^jjj, which 

then passes into its anhydride, lend dioxide, and water. 

Rod-lead as prepared commercially is not constant in com- 
position, and contains variable quantities of load monoxide. 

The name leaf/ scstfutu rtde and tlie formula. Pk 2 0 { , ha\i» been 
given to a yellowish brown amorphous substance which is obtained 
by oxidising lead salts with hypochlorites ; hut. the existence of a. 
pure compound of this formula is doubtful. The preparation may 
be a mixture of PhO and Pb0 2 , or impme lead u\etaplvmbaie % 
PbPbO;,. 

Lead suboxide, PU>0, is a black powdej* obtained by lieating 
lead oxalate out of contact with the air. 



(504 THE ELEMENTS OF THE CARBON FAMILY. 


The Relationship between the Members of the 
Carbon Family. 

When the elements of this family are arranged in the order 
of their atomic weights there is seen to be the same gradual 
change in physical properties as occurs in the case of other 
families. This is illustrated by the following data: 



c. 

Si. 

Oe. 

Hu. 

rb. 

At. wfr. . 

12 

28 '3 

72-5 

119 

207*1 

Sp. gr. . 

10-3 0 

2 -r> 

5*5 

7 3 

11-3 

M.p. 

3000° (approx. ) 


900° 

232° 

326° 


It may be observed, however, that even with respect to the 
two properties considered, the change is not quite regular • 
the sp. gr. of silicon (crystalline) is less than that of diamond, 
and the melting-point, of tin is lower than that of lead. 

The chemical relationship, as in other families, is closely 
connected with the fact that the elements have the same 
valencies ; although, with the exception of silicon, they all 
form oxides of the type XO, in which apparently the 
elements are bivalent, their characteristic derivatives are 
the oxides of the typo X(> L> and other compounds in which 
the elements are f/fnnJriralnif. 

The formuhe of some of those typical compounds are 
given in the following table : 



JTvrti nli»s 

(1il.iri.lPK. 

Ovid os. 

Oi llio-*icf.N. 

Mota-aculs. 

c . 

cir 4 

CCJ 4 

C<) 2 

(J(OH) 4 

h 2 C0 s 

Si . 

snr 4 

SiCl 4 

Si. > 2 

Si(OII) 4 

II.,SiO ;) 

Sn . 

— 

SnCI , 

SnO., 

Sn(OH) 4 

H‘,Rn6 s 

Pb . 

— 

PbCl, 

pbo; 

Pl.(OII) 4 

HgPbOg 


The similarity in type of their more important compounds, 
in consequence of which corresponding compounds are closely 
related, is accompanied by a gradual change in the chemical 
properties of any series of such corresponding derivatives; 
and this change is of the same kind as that noted in the case 
of the nitrogen family; that is to say, the non-metal lie 
character of the element wanes, the metallic character waxes, 
as tlfts atomic weight increases. 
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Thus only carbon and silicon form volatile hydrides, Cl I 4 
and SiH 4 respectively, and of these the latter is the less 
stable. Carbon and silicon do not form basic oxides of the 
type XO; gerinanous oxide, GeO, is only feebly basic; but 
SnO and PbO both give rise to stable salts, of which those 
of lead are less readily hydrolysed than those of tin. The 
chlorides, XC1 4 , are not salts, but acid chlorides ; this is 
clearly so in the ease of C01 4 and HiCl 4 , both of which 
undergo a non-re versible hydrolysis ;* whereas, owing to the 
increase in the metallic character of the elements, SnCl 4 and 
PbCl 4 , although hydrolysed by water, have in some respects 
the properties of salts. 

The oxides X( ), 2 are all anhydrides ; although only carbon 
dioxide unites directly with water, and most of the. acids 
derived from these oxides are not known in a pure state, salts 
corresponding with both the ortho- and the meta-acids of 
most of the elements are known. Prom the behaviour of 
these salts it may be inferred that tlie strength of the acid 
gradually diminishes in passing from carbon to lead. 

The Titanium Sub-family. 

The elements of this sub-family, together with those of the 
carbon sub family, form Family IV. of the periodic system (p. 720). 

Titanium, Ti, at. wt. 48*1, occurs as the dioxide TiOo in many 
iron ores, and is often contained in pig-iron ; the dioxide is also 
found as the mineral rutile. The metal may be obtained by re- 
ducing the oxide with carbon in the electric furnace. One of its 
most striking properties is that it combines readily with nitrogen 
at 800°, forming a nitride (Ti a N a ?). 

Zi/conium (Zr), Cerium (Ce),+ and Thorium (Th) also belong to 
the titanium sub-family, and occur together in munuzitc sand, 
which is a particularly complex mixture of minerals found in 
various parts of the world (Carolina, Brazil, the Ural Mountains, 
Australia). This mineral contains cerium phosphate ami thorium 

* Carbon tetrachloride, CClj, is not apprr viably acted on by cold water, 
but it is completely hydrolysed when it is heated with water at about 
250° in sealed tubes. > 

f Cerium may possibly belong to the nitrogen family. 
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siUrnti\ TliSiO,, and from it the nitrates of cerium and thorium 
nn» prcpai cd on tin* Inig * 1 scale. 

The Welsbach incandescent mantles are prepared by dipping a 
fabric of j»ii re cotton in u/ii solution of tliorium nitrate which also 
contains about 1 per cent, of cerium nitrate; the mantles aie 
then ignited, wheieby tin* nitrates are converted into the oxides 
thnr 'm , ThOy, and s't'/vVr, Ce( L, respectively. 

'Lin; Mixture of oxides thus obtained gives out a very bright 
when it is heated in a Bunsen -flame, whereas either of the oxides 
alone, or a ini \t lire containing a huge) oi sinatlei ] noportion than 
1-2 pci cent, of ceria, is fai less ellicient. Although it is known 
that the light emission is almost entirely due to the ceria, the 
action of the lattei is not fully understood. It has linen suggested 
that the eeiia ads as a catalyst, and that its particles are raised 
to a very high tempoiabure because the heat of the reaction is 
concentrated on them, while theyaie pievented fo a great extent 
from losing this heat hv the non-eomlueting particles of thoria. 

\mi\tuieoi the oxides of /.iicoiiium, eerium, and s<*veral other 
‘iare earths,’ made into the form of a rod, is used in the Nvnist 
lamp ; at ordinary temperatures the rod is a non-conductor of 
electricity, hut when it is heated (by an automatic electric heater) 
its conductivity is increased sufliciently to allow of the passage 
of a cum cut. The. rod is Unis finally raised to incandescence. 


CHAPTER LVI. 

The Boron Family. 

This family includes a number of elements, but of these 
only boron and aluminium are commonly met with ; and even 
boron is practically unknown except in the form of a few 
important compounds, such as borax and boric acid. 

Boron, B; At. AVt. 11. 

The element boron occurs in nature only in a combined 
state and hi relatively vdVy small quantities ; but in the form 
of boric acid, or of gaits derived from this acid, it is very 
widely diffused, and is found in nearly all plants. 
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Free boric acid is volatile in steam, and in parts of 
Tuscany, in tin* Japan islands, and in oilier volcanic regions, 
it is present in small quantities in the steam or water- vapour 
which escapes from fissures in the earth. Salts of boric acid 
(or of complex acids derived from it) are found in various 
parts of the world. Jforas, lineal or sodium tetraborate, for 
example, occurs in an immense lied, and in the borax -lake 
in California; also in lakes in Thibet, India, China, and 
other countries. Jiorucih (a magnesium salt) and horocahute. 
or calcium tetraborate, Cal > 4 (> 7 , 611./), also serve as sources of 
boron compounds. 

Borax, Na.B^L, 101-y >, the most important of these com- 
pounds, is the sodium salt of tetraboric acid, a substance 
whicl is derived from ortlioboric acid, 

in(ou) r . lyyv + fiiy >. 

It is obtained on the large scale by recry stall ising native 
Californian borax from hot water; also by treating lioric acid 
(sec below) with sodium carbonate. It is readily soluble in 
water, and its solution has an alkaline reaction to litmus, 
owing to the occurrence of hydrolysis, 

Na L> B 4 < > 7 4- 1 U > - Nm 011 4- JVallB/V 

When borax is heated it first swells up find becomes 
anhydrous, ami then melts to a colourless liquid, which 
readily dissolves metallic oxides, forming borates. Hence 
borax is used as a tiux in soldering, and in glazing line 
earthenware ; it. is also used in the laboratory in the form of 
a ‘borax bead’ in testing for metals, as some metallic oxides 
give borates of a characteristic colour. Borax is employed in 
laundry- work to give stillness and a glaze to linen, &c. 

Boric acid, or ortlioboric acid, B(01I) a , is obtained on the 
large scale from the steam which escapes from the ground in 
Tuscany and elsewhere?. The water of the small pools formed 
by the condensation of the steam is evaporated, the heat of the 
natural steam jets being utilised as far ^ as possible ; the con- 
centrated solution of boric acid is then left to crystallise. 
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Boric acid is also prepared by treating boracite and other 
such minerals with hydrochloric acid, and then recrystallising 
the product. It is obtained in the laboratory in a similar 
manner by adding hydrochloric acid to a hot concentrated 
solution of borax, and then cooling the mixture, 

NjCB 4 C > 7 + 2 11 Cl = 2Na01 + H 2 B 4 0 7 
H 2 B 4 G 7 + 511,0 - 4B(0H) S . 

Boric acid crystallises in colourless scales, which easily slide 
over one another, and therefore feel slippery or soapy. It is 
readily soluble in water, but its aqueous solution has only 
feeble acid properties ; so much so that it hardly changes the 
colour of blue litmus. 

Boric acid is used as an antiseptic in pharmacy and also in 
the preservation of food. 

Boric acid imparts a green colour to a non-luminous flame. 
When a borate is mixed with a little concentrated sulphuric 
acid and some alcohol in a basin, and the alcohol is 
then lighted, its ilamc is tinged with green, owing to the 
volatilisation of the free boric acid which has been liberated 
by the sulphuric acid. This flame-test is used for the detec- 
tion of borates. 

When boric acid is heated (at 100°) it first gives metabolic 
acid, BO OH, then (at 140°) pyroboric or tetraboric acid, 
BA(OII),,* and linally (at a red beat) boric anhydride, B 2 0 3 . 

Boric anhydride, B 2 0 3 (boron trioxide), is a vitreous 
solid ; being volatile only at a white heat, it liberates other 
anhydrides from their salts at high temperatures, just as does 
silica or silicic anhydride (p. 360), 

Na 2 S0 4 + 2B 2 < > 3 = Na 2 B 4 0 7 + S0 3 . 

It combines with water with some vigour, giving boric acid. 

* The molecular formula of metabolic acid is probably (HB0 2 )o, 'and its 
structural formula, HO-B B - OH. Pyroboric acid maybe represented 
by the structural formula^ HO - 15 <^)> B - O - li <*£> B - OH. Boric anhy- 
dride is probably a polyinerido of the oxide, B,O a (compare silica, p. 583). 
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Boron may be obtained by heating the oxide with 
magnesium, 

B,0 3 + 3 Mg - 2B + 3MgO ; 

but the separation of the boron from tho large proportion of 
magnesium horide which is also produced is a very difficult 
task. After careful purification (which involves treatment 
with hydrofluoric acid) tire product is obtained as a light- 
brown amorphous powder of gp. gr. 2*45. Crystallised 
boron is obtained by dissolving the amorphous element in 
molten aluminium ; when the*, aluminium is afterwards 
treated with hydrochloric, acid crystals of boron remain, but 
their purity is doubtful. 

Boron burns to the trioxide when it is heated in oxygen, 
and it.also combines with chlorine, nitrogen, and many other 
elements at high temperatures. 

Boron hydride, Bit,, is not known in a pure state ; when 
magnesium boride is treated with hydrochloric acid a mixture' 
of several hydrides of boron is formed. 

Boron trichloride, I>CI 3 , may be prepared by heating boron 
in a stream of dry chlorine ; it is a colourless, mobile liquid 
(b.p. 18°), and is completely hydrolysed by water. 

Boron nitride, BN, is obtained as an almost colourless 
powder when boron is heated at about 1300° in nitrogen or 
in ammonia. It is not decomposed when it is heated alone 
or in the air, even at high temperatures, but it is decomposed 
by boiling water, giving amnlonia and boric acid, 

BN + 311,0 = NH 3 + B(OH) 3 . 

Aluminium, A1 ; At. Wt. 27-1. 

This very abundant element occurs, with rare exceptions, 
in combination with oxygen. The oxide is found in small 
quantities in a free state in various forms (ruby, sapphire, 
corundum, p. 294) ; but as a rule it is combined with silica, 
forming aluminium silicate, one of tfio most important com- 
ponents of the eartl^s crust. During the disintegration of 
the felspars, such as orthoclase, K,0, A1 2 T) 3 , 6SiO,, and albite, 
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Na 2 0, A1 2 0 3 , 6Si0 2 (pp. 291, 584), the micas,* and other 
silicates, the alkali silicates are dissolved, and beds of 
almost pure .aluminium silicate, Al 2 Si 2 <) 7 , 2II 2 0 (kaolin or 
china-clay), may be formed, as already mentionod (p. 291), 
Some other native aluminium compounds are referred to 
later; the only 'important one which does not contain com- 
bined oxygen is cryolite (p. 402). 

At one time aluminium was prepared commercially by 




nil! ill:! 



heating sodium aluminium chloride (a complex salt corre- 
sponding with the fluoride, cryolite) with sodium, 

3NaCl, A1C1 3 + 3Na = A1 + GNaCl, 
but it is now manufactured by the electrolysis of aluminium 
oxide. 

Rectangular iron vessels (6x8 ft., fig. 112), heavily lined 
with graphite, are partly filled with cryolite. The positive 
electrode consists of a number of cylindrical graphite rods 
which dip into the cryolite, while the iron vessel and its 

* BJica sometimes occurs in very large crystals which can he split into 
transparent* sheets. 
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graphite lining form the negative electrode. The current is 
supplied by dynamos 1 worked by water-power. When the 
current is passed the resistance of the cryolite causes 
a development of heat which soon melts the mineral. At 
this stage aluminium oxide, usually prepared from bauxite 
(p. 614), is introduced into the fused mass. Electrolysis 
then occurs with liberation of aluminium at the cathode and 
oxygen at the anode. The molten aluminium collects at the 
bottom of the vessel, and is run oil' from time to time through 
the tap-hole, which is closed meanwhile with a graphite plug. 
The liberated oxygen escapes as gas or combines with the 
carbon of the anodes. Fresh quantities of alumina are 
added at intervals, so that the process is continuous. 

Aluminium bronze, an important alloy of aluminium and copper, 
is manufactured in a similar manner, some copper being added 
with the alumina. The properties of the product depend on the 
relative proportions of the two metals ; an alloy containing only 
5 per cent, of aluminium has the colour of gold. Those containing 
about 12 per cent, of aluminium give homogeneous castings, and 
are very tough and elastic ; they take an excellent polish and do 
not tarnish on exposure to the air. 

Aluminium has a bright, slightly bluish, silvery lustre, and 
its sp. gr. is 2*6. It is hard, tough, and malleable, and melts 
at about 654°. It does not alter appreciably on exposure 
to a moist atmosphere, and the very finely dividod metal, 
mixed with oil, is extensively used as a paint for iron and steel 
work. The metal is also used for making many small articles 
(pans, cameras, trays, brush-frames, cups) and for the manu- 
facture of any apparatus which must be both light and 
strong. Its use in the preparation of manganese and chromium 
has already been mentioned (pp. 443, 502 ; compare also 
thermite, p. 704) ; sometimes for these purposes an alloy of 
aluminium and calcium is used, as the development of heat 
is then greater than when aluminium alone is employed, and 
the * slag * of calcium aluminate is ufore readily fusible than 
alumina. m 

Aluminium in a compact form may be melted in oxygen 
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without undergoing more than a superficial oxidation, as 
it is protected by the layer of oxide, but thin foil burns 
brilliantly. The finely divided metal is also oxidised by 
boiling water, hydrogen being evolved ; it is rapidly attacked 
by a hot solution of sodium hydroxide, with formation of 
hydrogen and a solution of sodium illuminate, 

2 A1 + 6NnOH = 3II 2 + 2Al(ONa) 8 . 

It is not acted on appreciably by nitric acid, and dilute 
sulphuric acid attacks it only very slowly ; blit with hot con- 
centrated acid it gives aluminium sulphate, sulphur dioxide, 
and water. 

It is readily acted on by hydrochloric acid, with formation 
of aluminium chloride and hydrogen, 

2A1 + 6HC1---2A1C1 s + 3H 3 . 

Aluminium Amulyam * — When a little mercury is placed 
on a bright sheet of aluminium and well mbhed on the sheet 
with a damp rag, the aluminium becomes coated with a 
thin film of mercury. By breathing on the sheet, and thus 
forming a film of moisture, a chemical action is set up ; the 
aluminium dissolved in the mercury decomposes the water, 
giving aluminium hydroxide, which rises as a bulky white 
powder from the surface of the metal. 

Aluminium may also he coated with mercury by placing 
it for a few moments in a dilute solution of mercuric chloride 
(p. 632) ; the product (< aluminium amahjam) is used as a 
reducing agent, since it rapidly decomposes water, with forma- 
tion of hydrogen and aluminium hydroxide. 

Aluminium chloride, A1C1 3 , is prepared in the laboratory 
by passing dry chlorine or hydrogen chloride over heated 
aluminium foil contained in a long glass tube. 

It is prepared on the large scale by passing chlorine over a 
mixture of carbon and aluminium oxide (compare p. 580), but 
a high temperature is required, 

Al 2 (\ + 3C + 301 2 = 2A1CI S + 3CO. 

# “ •» 

* The term 4 amalgam ’ is applied to alloys of mercury. 
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In both cases the product volatilises and is condensed in a 
receiver from which moisture is excluded. 

Aluminium chloride is a colourless crystalline substance, 
but the commercial article is generally yellow. It? sublimes 
readily (below 185°), and its vapour density at about 800° 
corresponds with the formula A1C1 3 .* It is often used in 
preparing carbon compounds.' 

When aluminium chloride is placed in water a great 
development of heat occurs and the salt is hydrolysed ; when 
the solution is evaporated hydrogen chloride escapes and 
some hydroxide' is formed, 

A1C1 3 + 3H 2 < ) -- Al(< )] I) H + 3TIC1. 

Most of the other important com pounds of aluminium are 
prepared from clay (p. 291), from which aluminium sulphate 
or an alum is first manufactured in the manner described 
below; cryolite (p. 402) and bauxite (p. G14) are also used as 
sources of aluminium compounds. 

Aluminium hydroxide, Al(<>ll) ;t , is formed ns a colourless 
gelatinous precipitate when an aluminium salt, such as tlie 
=mlphato, is treated with ammonium hydroxide or sodium 
hydroxide in aqueous solution, 

Al 2 (S() 4 ) :i + 6Na()1l = 2A1(< >Il) 3 + 3Na 2 S0 4 . 

It is likewise formed when the carbonates arc used instead 
of the hydroxides, because aluminium carbonate, if produced, 
is completely hydrolysed by water, 


Al/SOJ., + 3Na 2 CO ;{ 4- 3II 2 0 = 2Al(OH) ;i + 3Na 2 R0 4 + 3C0 2 . 


The freshly precipitated hydroxide dissolves chemically in 
icids, forming soluble aluminium salts, and also in sodium 
hydroxide solution, giving soluble * minim nhnnhialr. 


Al(OH) 3 -f 3NaOH - Al(ONa) 3 + 3H 2 0 ; 
but when it is dried it begins to lotc the elements of water, 


* At lower temperatures the results show tli# the vapour is a mixture 
if molecules of A1C1 S and A.l 2 Clg. 
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and b«*jomes less readily soluble. A ‘colloidal solution * of 
aluminium hydroxide may be obtained by dissolving tbo 
freshly precipitated hydroxide in an aqueous solution of 
aluminiuln chloride, and then submitting the solution toj 
dialysis (p. 326). \ 

Although towards strong acids (but not towards weak j 
acids sucli as carbonic acid) aluminium hydroxide behaves 
as a basic hydroxide, it acts as ail acid towards strongly 
basic hydroxides (but not towards ammonium hydroxide), 
and forms aluminaies which are derived from Al(OH) s , and 
mHa-alitwinates which are derived from AlOOH. The 
alkali aluminates (or the ineta-aluminales) are formed when 
the hydroxide is treated with excess of an alkali hydroxide 
(}). 613), or when the oxide is fused with excess of sodium 
eurhoiml.f, 

A J j > :i -l- 3Na ,( '« > :l =. 2A 1(( >Na) 3 -I- 3 CAK 
The nojinal alkali rdumimiLos are hydrolysed by water, 

A l(< >Na) . + 211/) A 1(011 )./( >Na + 3NaOH, 

and the suks tin ccs thus produced then decompose, giving 
the soluble meta-alumimites ; even these compounds undergo 
hydrolysis, and they are completely decomposed by carbonic 
acid, aluminium hydroxide being precipitated, 

2A1( K)N T a + 1 1/.X > 3 + 2 II, O - 3Al(OH) s + Na 2 C0 3 . 
Aluminium hydroxide occurs in nature as 
and meta-aluminic acid as duixpure, A 10 ‘01 1. Bauxite is an 
earth which has the composition Al(OH) 3 , AlO’OH, but it 
often contains ferric oxide, and has then a brick-red colour.* 
It is found in large quantities in various parts of the world, 
and is used for the. manufacture of aluminium and other 
products. 

* Pure aluminium hydroxide is prepared from such samples of bauxite 
by fusing the mineral with sd'ium carbonate, extracting the soluble sodium 
ahimin ate with water (whereby ferric oxide is left behind), and then pre- 
cipitating the ahiminiuti hydroxide by passing carbon dioxide into the 
solution v*ee above). 
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Several ineta- alum mates are found in nature, as, for 
oxample, magnesium meta-aluminatc or spinelle , (A10'0) 2 Mg, 
and zinc m eta- alum inate or y« knife, (Al()*()) 2 Zn ; they all 
crystallise in the same form and are classed as the spindles. 

Aluminium oxide (alumina), AL/ ) 3 , is obtained by igniting 
the precipitated and well-washed hydroxide, prepared by the 
methods given above. It is a colourless amorphous substance 
which is moderately easily attacked by acids and by sodium 
hydroxide solution, giving aluminium salts or an aluminate as 
the case may be. When, however, it is very strongly heated 
it becomes denser (and possibly crystalline), and is then 
only very slowly attacked by acids. Crystalline alumina 
(ruby, sapphire, corundum, &c.) is insoluble in acids, but is 
concerted into soluble aluminatos when it is fused with 
sodium hydroxide. Aluminium oxide is not reduced by 
carbon except, at l.lie high Lem pc ratine of the electric furnace. 

Aluminium oxide, piepared h\ milling dehydrated bauxite in 
an electric furnace, is sold under the name of aluiuhim for use 
as an abrasive. It. is harder Ilian the native forms of alumina, and 
is used for cutting or drilling rubies, sapphires, &i\, and in making 
grinding- wheels (compare carborundum, p. 581). 

Aluminium sulphate, A1. 2 (S() 4 ) 8 , 1 Kll.^O, is manufactured 
by dissolving bauxite in sulphuric acid. 

It is also produced from clays and shales and other materials in 
large quantities. The clay* or shale (p. 29*2) is first extracted 
with dilute hydrochloric acid in order to remove some of the iron 
compounds ; it is then dried and roasted in order to disintegrate 
it, to get rid of vegetable matter (coal, bitumen), and to oxidise 
iron pyrites. The material is afterwards gionrnl up and heated* 
in leaden pans with moderately concentrated sulphuric acid ; the 
solution is separated from the silica and other insoluble matter, 
and the aluminium sulphate crystallised out. 

Cryolite (a complex salt, p. 591) is heated with limestone, 

A1 F„3NaP + SCaCOj - Al(t) Na) a + 3CaF a + 300* 

and the product is treated with water ; tho solution of the sodium 
aluminate is separated from the insol nide calcium fluoride, and 
carbon dioxide is passed through it in order to precipitate 
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aluminium hydroxide (sec p. 614). The latter is thou Nopamted 
hy filtration or decantation and dissolved in sulphuric acid, while 
the sodium carbonate solution is evaporated. 

Aluminium sulphate is readily soluble in water, but the 
solution is strongly acid to litmus, as the salt undergoes 
hydrolysis, giving free acid and soluble basic salts, 

A1 2 (S0 4 ) 3 + 2H 2 () = A1 2 (S0 4 ) 2 (0H), + h 2 so 4 . 

Tt has already been stated (j>p. 294, 295) that an important 
seiies of double writ# called the (damn limy he obtained hy 
adding certain sulphates to solutions of aluminium sulphate, 
and then crystallising the products from the concentrated solu- 
tions. The alums have the formula A1 2 (»S( ) 4 ) 3 , X 3 S0 4 , 24H 2 0, 
where X represents Na, K, (NTI 4 ), or certain other //w/ valent 
metals or basic radicles. It is possible also to prepare 
double salts of this particular type from the sulphates 
X 2 S0 4 by mixing them in aqueous solution with sul- 
phates of tervalent metals other than aluminium. Thus a 
double salt, Cr 2 (S0 4 ) 3 , K 2 S0 4 , 24H 2 0, may be prepared from 
the sulphates of chromium and potassium. This product 
lms the same crystalline form as ordinary potash alum, 
and is therefore classed as an alum, although it does not 
contain an aluminium salt. The term alum, therefore, is 
user^ in a wide sense, and is applied to double salts of the 
type M 2 (S0 4 ).„ X,R0 4 , 241i 2 0, where M is a metal such as 
Al, Cr, Fe, Mu, in the tervalent state, and X a metal or 
basic radicle in the univalent state ; when the alum does not 
contain aluminium sulphate it is named according to the 
two sulphates of which it is composed. Thus the double 
Balt Fe 2 (S0 4 ) s , (XIi 4 ) 2 S0 4 , 24H 2 0 is called ferric ammonium 
alum. 

The alums are all isomorphous (p. 324). They are exten- 
sively used as mordants in the dyeing industries, and are 
also employed in paper-inching. 

I Alum stone, or alunity, is a crystalline substance of the com- 
| puoitioA K.S0 4 , AIg(S0 4 ) 3 , 4AI(OH) 3 , produced naturally by the 



THE BORON FAMILY. 


617 


action of sulphur dioxide (of volcanic origin) on felspar and similar 
rook components. It is insoluble in water ; but when it lias been 
heated it is then acted on by water, giving a solution of potash 
alum and a residue of alumina. . 

Although aluminium is distinctly metallic in its physical 
properties, it does not show a very marked metallic character 
in its chemical behaviour. Its chloride is easily hydrolysed ; 
its hydroxide does not give salts’ with very weak acids, and 
behaves like an acid towards strong bases. 

Aluminium sulphide, Al 2 S ;i , prepared by beating aluminium 
with sulphur, is readily hydrolysed, giving aluminium 
hydroxide and hydrogen sulphide. 

Ultramarine, or lapis lazuli , is a silicate of aluminium and 
sodiinA, which also contains combined sulphur; it occurs as a 
blue, green, or violet crystalline mineral, which at one time was 
highly prized. 

Artificial ultramarine of a beautiful blue colour, and preparations 
of other colours, are now manufactured by carefully heating a very 
intimate mixture of kaolin, sodium carbonate, charcoal, and sul- 
phur in absence of air. The green product is washed with water, 
dried, mixed with sulphur, and gently roasted in the air until it 
acquires the desired blue colour. The nature of ultramarine is not 
exactly known. The mateiial is used as a paint, and in laundry- 
work ; it is easily attacked by acids, and then loses its colour. 


Other Elements op the Boron Family. 

Gallium, On, at. wt. 69 9, and indium, In, at. wt. 114*8, 
are both rare metals which occur in small quantities in 
a combined form in some varieties of zinc-blende. Both 
elements resemble aluminium in chemical properties, the 
usual gradation being shown ; but in addition to forming 
compounds in which they are Icrvalout- -as, for example, the 
chlorides GaCl,,, InCl 3 , and the oxides Ga 2 () s , ]il,() 8 - — gallium 
forms a chloride, (!aCI.„ while indium forms not only 
an oxide, InO, and a chloride, Infil 3 , but also a chloride, 
InCl. The existence of gallium was predicted by Mendel4eff 
(p 726.). 
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Thallium, Tl, at. \vt. 204, also occurs in zinc -blende ; 
and while resembling aluminium and the other members of 
the subfamily in forming compounds such as T1C1 3 and 
TIjjO.j, id which the metal is tcrvalent, it also gives rise top 
scries of thallous compounds, such as T1«0, T101I, and T1CJ. 
In the thallous. com] Miunds the metal is univalent, and thes$ 
compounds show a close, relationship to the corresponding 
derivatives of the (univalent) alkali metals. Thallous hy- 
droxide, for example, is readily soluble iri water and iH a 
strong base ; thallous chloride, on the other hand, is only 
very sparingly soluble, in water, and resembles silver chlorido 
rather than sodium chloride. 

In the boron sub-family, as in several others, the gradual 
change in the properties of the elements with increasing 
(domic weight may he summarised in the statement that the 
elements giadiialiy become umn* and more distinctly metallic 
in character. 

The typical compounds nl this sub family are* those in 
which the elements are Icrv.denl. 

Scandium (Sc), yttrium (V), and lanthanum (La) form a sub- 
family, which together with the boron sub - family constitute 
Family III. of the pciiodic system: they occur in rnonazite wind 
(]>. (iO/i). The existence of scandium was predicted by JVlon del coif. 


CHAPTER LVII. 

The Magnesium Family. 

Four well-known metals, namely, magnesium, zinc, cad- 
mium, and mercury, are classed together in this family, which 
also includes the element bmyllium (or glucinum). All these 
elements occur in nntufc exclusively in a combined form, with 
the exception of mercury, a small quantity of which* IS also 
found in the free state. 
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Beryllium, Be, at. wt. 9*], occurB as metaflilicate mixed 
with aluminium mefcisilicnte in the mineral heryl } 3BoSi() a , 
Al a (SiU 3 ) 3 , which when coloured green, probably by traces of 
chromium silicate, forms the gein known as the emerald. 
Beryllium is a metal (sp. gr. 1-9) resembling magnesium in 
properties, but it differs from the latter in a few respects ; 
thus its hydrojit I (>., Be(()H) 2 , although basic, has feeble acid 
properties and dissolves chemically in sodium hydroxide 
solution, and its rarbowdr , BeCO a , is soluble in water. 

Magnesium, Mg; At. AVt. 243. 

Magnesium is an element which in many respects re- 
sembles calcium, and it occurs in nature in large quantities 
in bile form of its carbonale, MgUO., (p. 272); it, also occurs 
as magnesium silicate, in many rock materials (asbestos, talc, 
meerschaum). In addition, it i* found in the form of certain* 
soluble salts, such as the sulphate (p. 22b) and the, chloride, 
in deposits formal by the evaporation of lakes, and in many 
natural waters. 

The largest deposits of such compounds are those found 
near Stassfurth, which contain curnalUte , MgCl,„ KC1, 
6U 2 0 ; fo'eseritf'y MgSG 4 , H 2 0 ; and fcainite, K 0 S0 4 , MgS0 4 , 
MgCl 2 , 6Mjj<) (p. 67b). 

Magnesium cannot be obtained, by reducing its oxide with 
charcoal; it is manufactured by the olectrolysis of a fused 
mixture of magnesium and potassium chlorides. 

ThiR mixture, prepared by dehydrating carnallite, is melted in 
an iron crucible, which itself forms the negative electrode ; a rod % 
of graphite dipping into the fused mass forms the positive elec- 
trode. Chlorine is liberated at the positive and magnesium at 
the negative electrode ; potassium is not. sot. free so long as any 
magnesium ehloiide is present, because potassium liberates mag- 
nesium from magnesium ehloiide. 

Magnesium is very like silvef in appearance, but its 
ftp. gv. is only 1*75. It is malleable and hard. It melts 
at about 800° and distils at a white* heat. It is nefc used 
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for the procuration of any important alloys, or for the 
manufacture of any metallic articles ; but it is employed 
in making fireworks and flashlights, and it is often used in 
the laboratory. , 

Magnesium tarnishes on exposure to tbe air, but the film 
of oxide or basic carbonate which is formed protects the 
metal from further action ; it is only very slowly acted on 
by boiling water, giving hydrogen and magnesium hydroxide, 

Mg + 211,0 = ]T 2 + Mg(OH) 3 . 

It is very readily attacked by all common acids, giving 
hydrogen and a magnesium salt. It burns in the air and 
even in gases which contain combined oxygen, forming 
magnesium oxide ; thus, if a piece of burning magnesium 
ribbon is lowered into a flask in which water is boiling 
vigorously, the metal continues to burn in the steam, and 
the liberated hydrogen burns at the mouth of the flask, 

H 2 ( ) 4* Mg = MgO 4- H 2 . 

A piece of burning magnesium ribbon lowered into a 
vessel containing carbon dioxide also continues to burn, but 
rather fitfully, and the liberated carbon is deposited on the 
magnesium oxide which is formed, 

C0 2 4- 2Mg = 2 MgO 4- C. 

Magnesium, like aluminium, is a very powerful reducing 
agent, as shown by the examples just given and also by its 
action oil silica (p. 577) and boron trioxide (p. (>09). 

In conjunction with an acid it may be used as a reducing 
agent at ordinary temperatures ; ferric chloride, for example, 
is reduced to ferrous chloride when its solution in dilute 
hydrochloric acid is treated with magnesium. 

Magnesium combines vigorously with the halogens and 
with many other element ; magnesium silicide (p. 577) and 
magnesium nitride (]^ 517) have already been mentioned, 
lhc Sulphide, MgS, prepared by heating the metal with 
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sulphur, is decomposed by boiling water, giving magnesium 
hydroxide and hydrogen sulphide. 

The light given out during the burning of magnesium is 
very rich in actinic (chemically active) rays ; hencedts use in 
photography. 

Magnesium oxide (magnesia), Mg(), may bo prepared by 
heating the hydroxide, carbonate, or nitrate; the substance 
obtained by boating the metal in the air always contains 
some magnesium nitride!. The oxide is a white solid, and is 
used as a lining for crucibles and furnaces, as it does not* 
melt even at the high temperatures reached in an electric 
furnace. It is insoluble in water, but it slowly combines 
with water to form magnesium hydroxide, which is appreci- 
ably ^oluble; acids act on it rapidly, forming the corre- 
sponding magnesium salts. 

Magnesium hydroxide, Mg(()ll).„ is obtained as a colour- 
less gelatinous precipitate when a solution of a magnesium 
salt is treated with a solution of sodium hydroxide, 

MgCl, + 2Na01I = Mg(OH) 2 + 2NaCl. 

Ammonium hydroxide also precipitates magnesium hy- 
droxide from solutions of magnesium salts, 

MgS0 4 + 2NI1 4 ( >H > Mg(OII), + (NH 4 ) 3 H( > 4 ; 

but precipitation is incomplete, and in presence of a large 
proportion of an ammonium salt no precipitate whatever is 
produced. 

This is due partly to the fact that the reactions are readily 
reversible, partly to the formation of stable soluble compounds 
by the combination of the magnesium and ammonium salts. 
(Compare p. 591.) 

Magnesium hydroxide is only very sparingly soluble in 
water ; its solution has an alkaline reaction to litmus, and 
absorbs carbon dioxide* with formation of a basic magnesium 
carbonate. <1 

The salts of magnesium correspond with the oxide, MgO. 
The soluble ones, of which the chloride and sulphate are 
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important, may be prepared by treating the metal, the oxide, 
or the carbonate (native magnesite) with the required acid ; 
the insoluble salts, of which the carbonate and magnesium 
ammonium* phosphate may be mentioned, may be prepared j 
by precipitation. The soluble salts have a bitter taste. The ^ 
sulphate and a basic carbonate (p. 623) are used in medicine. 

Magnesium chloride, MgOl,, is deliquescent., and very readily 
soluble in water. When its aqueous solution is boiled, hydro- 
chloric acid escapes and a basic salt remains,* 

MgCl 2 + 11,0 - MgClOH + HC1. 

As pure anhydrous magnesium chloride cannot be prepared 
by evaporating aqueous solutions of the salt, the solutions 
arc mixed with ammonium chloride and evaporated ; mag- 
nesium ammonium chloride, MgCl 2 , 2NH 4 G1, 6H a 0, is then 
deposited in crystals. When this double salt is ignited, it 
gives a residue of anhydrous magnesium chloride as, first the 
water of hydratiou escapes, and afterwards the ammonium 
chloride volatilises. 

Magnesium chloride is decomposed to some extent when 
it is heated in a stream of moist air, and chlorine is evolved 
together with hydrogen chloride, 

4MgCl 2 + 2TL,0 + 0 2 - 4MgO + 4HC1 + 2C1 2 . 

Magnesium sulphate, MgSO t , 71I 2 0 (Epsom salt, pp. 226, 
281), forms double salts with the sulphates of potassium 
and ammonium ; these are of the type MgS0 4 , X 2 S0 4 , 6H 2 0, 
where X represents K or (NH 4 ), and are readily soluble in 
water (p. 491). 

Magnesium nitrate, Mg(NO H ) 2 , is readily soluble in water; 
when ignited it gives the oxide. 

Magnesium carbonate, MgCO.^ which occurs as magnesite, 
and, mixed with calcium carbonate, as dolomite (p. 272), 
cannot be obtained in a pure state by treating a solution of 

* Owing to the occurrence of this hydrolysis, sea-water (which always 
«*on<rt»>£ magnosiuin chloifie) is not suitable for use in ste^m-boiler?, as 
the liberated apt ^attacks tfye iron. 
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a magnesium salt with sodium carbonate, as the product is 
hydrolysed to some extent, and a mixture of carlmnate and 
hydroxide (a basic carbonate, ntayn/tma alba) of variable com- 
position is produced.. 

This precipitate may be converted into the normal carbonate 
by suspending it in water and passing carbon dioxide into 
the liquid ; with excess of carbon dioxide it is converted into 
soluble magnesium hydrogen car bona/ e, Mg(HCO ;i )., (p. 273). 

Magnesium ammonium phosphate, Mg(NH (J )P0 4 , has already 
been mentioned (p. 550). 

Zinc, Zn ; At. Wt. 65 4. 

Zinc does not occur in nature in the form of salts which are 
solubft in water, and the. principal sources of the metal are 
zinc-blende , ZnS (p. 221), and calamine , ZnCO ;j , a yellow, stony 
material ; but zincite or red zinc ore, ZnO (coloured by oxides 
of manganese and iron), is also used. 

The principles on which the extraction of zinc is based 
are as follows : Zinc sulphide is converted into zinc oxide 
and sulphur dioxide when it is heated in the air (roasted), 
2ZnK + 30 2 . 2Zn() + 2SO a ; 

and zinc carbonate is converted into the oxide when it is 
gently heated, 

ZnC0 3 = ZnO + C0 2 . 

Zinc oxide is reduced when it is very strongly heated 
with coal, 

ZnO + C = Zn + CO, 

and at the very high temperature necessary for this reduction 
the metal distils, leaving behind the earthy matter and other 
materials. 

An intimate mixture of zinc oxide (roasted ore) and coal 
is introduced into fire-clay cylinders or retorts such as those 
shown in fig. 113. These vessels, itie larger of which takes 
l£-2 cwts. of ore, are arranged in ^ furnace in such a 
manner that the movable adapters or receivers ('/, a) project 
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through the walls. On heat being applied, carbon monoxide 
is evolved, and if the zinc ores contain cadmium oxide, as is 
often the case, this oxide is reduced and the metal volatilises 
before tlw zinc begins to come over to any great extent., 
As soon as nil the cadmium has distilled the receiver is! 
changed. The product which then condenses consists partly 
of liquid zinc, partly of zinc-powder ( [zinerdmt '), and one of 
the principal difficulties met with in the extraction of the 
metal is to prevent: its condensation in a powdery form. 


cl 




a 

____ __ \ 




Fig. 1 IS. 


The crude zinc is purified mechanically by keeping it 
melted lor some time. The lighter impurities rise to the 
surface and are skimmed olf, while the heavier ones (lead 
and iron) sink to the bottom. The metal is then ladled 
out, leaving the lower portions (a mixture of lead, zinc, and 
iron); but it may still contain as much as 1*5 per cent, of 
lead, some iron, and traces of arsenic. The lead and iron may 
be eliminated by distilling the zinc; in order to get rid of 
arsenic, the melted metal may be stirred with magnesium 
chloride, when the arsenic volatilises as arsenic trichloride. 

As native zinc compounds dissolve chemically in acids, many 
attempts have been made to obtain zinc by treating the ores with 
acids and then submitting the salts to electrolysis; so far, these 
processes do not seem to bo very successful. 

Zinc has a bluisli-gn„y metallic lustre and a sp. gr. of 
about 7*1. It is crystalline, melts at about 420°, and boils 
a- 950° ; it is not very malleable at ordinary tempera- 
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tures, and is, in fact, brittle when it contains certain 
impurities ; but even the impure metal is malleable at 
100-140°, and may then be rolled into sheets; it becomes 
brittle again at about* 205°. 

It is employed in making small castings ; in the form of 
sheets, it is used for tho manufacture of gutters, cisterns, 
pipes, &c., and for roofing purposes. It is also employed 
for * galvanising 9 iron, in making various alloys such as 
brass, in electric batteries, and in Parke’s process for 
desilverising lead. 

Galvanised iron is manufactured by immersing carefully cleaned 
sheets of wrought- iron in melted zinc, the surface of which is 
covered with ammonium chloride, as this substance dissolves oxide 
of zin^ 

The coating of zinc on galvanised iron prevents the rusting of the 
iron even when the citing gets scratched and the iron itself is 
exposed to atmosplid^ influences. This is not so in the case of 
tin-plate, for if the coating of tin gets damaged, so that iron is 
exposed, rusting proceeds very rapidly, causing the tin to peel oft*. 
The difference between the two cases is due to the fact that in the 
electric couple or galvanic battery (p. 297), formed from the iron 
and the other metal in conjunction with impure water, the iron is 
the positive electrode when in contact with zinc, hut the negative 
electrode when in contact with tin ; in the former case, therefore, 
the. zinc, in the latter the iron, passes into solution. 

Zinc is only slowly attacked by moist air, and it then 
becomes coated with a layer, of basic carbonate, which pro- 
tects the metal from further change; when strongly heated 
in the air it burns with a very bright bluish flame, giving 
clouds of zinc oxide. Pure zinc is very slowly attacked by 
hydiochloric or sulphuric acid at ordinary temperatures, but 
it is vigorously acted on by nitric acid, giving zinc nitrate. 
When in contact with certain other metals, such as copper 
or platinum, it is readily attacked by both hydrochloric and 
dilute sulphuric acids, owing to the formation of a galvanic 
couple (p. 297, also footnote, p. ^96). For this reason 
impure commercial zinc gives liydrogei^ very rapidly. Zinc 
and hot concentrated sulphuric acid give zinc sulphate, 

Inoiff. 2 N • 
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sulphur dioxide, and water. Zinc also dissolves chemical iy 
in n hot concentrated solution of sodium hydroxide, sodium 
zineate and hydrogen being slowly formed, 

Zn + 2Na< Ml - Zn(< )Na) 2 + U 2 . 

Finely divided zinc (commercial zinc-dust, p. 624, which 1 
generally contains a little zinc oxide), in conjunction with a 
dilute acid or a solution of sodium hydroxide, is used as a 
reducing agent ; zinc-dust is also employed as a' paint for 
iron -work. 

Zinc, like magnesium, is a bivalent metal. Its salts are 
derived from the oxide Zn(), and the soluble ones are pre- 
pared by treating the metal or the oxide with the required 
acid. All the compounds described below are colourless. 

Zinc oxide, ZnO, is prepared by beating the curl innate or 
nitrate, but may also be obtained from the hydroxide, and 
hy burning the metal. It turns yellow when heated, hut 
loses its colour again when cooled. It is insoluble in water, 
hut dissolves chemically in nearly all acids. It is used as a 
paint ( zinc- white ). 

Zinc hydroxide, ZnfOII)*, is obtained as a white precipi- 
tate when a solution of a zinc salt is treated with sodium 
hydroxide or ammonium hydroxide, lmt the precipitate dis- 
solves on an excess of either of these reagents being added : 
in the case of sodium hydroxide, this is due to the formation 
of a soluble zineate, in which the zinc hydroxide plays the 
part of an acid, 

Zn(OII) 2 + 2NaOR - Zn(ONa) 2 + 2H 2 0, 

hut in the case of ammonium hydroxide a more complex 
action occurs. 

Zinc chloride, ZnCl 2 , is prepared by treating scrap zinc - 
with hydrochloric acid and then evaporating the solution 
until it solidifies when cooled. The product, which is often 
cast into sticks, is not pufe, but contains basic zinc chloride, * 
which is formed hy tljp hydrolysis of the normal salt, 

ZnCl 2 + H 2 0 = ZnCiOH + HC1. 
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Pure anhydrous zinc chloride is prepared by strongly 
heating a mixture of zinc sulphate and sodium chloride, 
when zinc chloride (b.p. 730 ) distils, leaving a residue of 
sodium sulphate,. 

Zinc chloride is colourless, hygroscopic, and very readily 
soluble in water. It is used iu soldering on account of its 
property of dissolving metallic oxides ; it is also used in 
protecting wood from the attacks of moulds or bacteria. 

I Zinc chloride absorbs ammonia, with which it forms several 
compounds, as, for example, ZiiCl», NIT :{ . 

Zinc sulphate, ZnSO t , 711 2 <) (p. 226), ’ formed, together 
with the oxide, when zinc sulphide is roasted (in the air) ; 
likc # magnesium sulphate, it forms double salts of tlie type 
ZmS( > 4 , # X 2 »SO,,, 6H 2 () (p. 491). 

Zinc carbonate, ZnCO., like magnesium carbonate, is in- 
soluble in water, but it undergoes hydrolysis, so that the 
substance obtained by precipitation is a basic carbonate or a 
mixture of carbonate and hydroxide. 

Zinc sulphide, ZnS, differs from magnesium sulphide in 
not being hydrolysed by water. It is obtained as a colourless 
precipitate when ammonium, sulphide solution is added to a 
solution of a zinc salt, 

ZnCl, + (NII 4 ) 3 R -- ZnS + 2N11.C1 ; 

but it is not precipitated when hydrogen sulphide is passed 
through such a solution (p. 220). It dissolves chemically in 
hydrochloric acid, but is insoluble in acetic acid in presence 
of acetates ; this last fact is made use of in separating zinc # 
from manganese in analytical work. 

Cadmium, Cd ; At. Wt. 112*4. 

Cadmium is very similar to zinc in most respects, and is 
of relatively small importance ; the metal is used in making 
fusible alloys (p. 569), and its sulphide is used as a paint. 

Cadmium occurs in the same states of combination as zinc, 
and is obtained in the wav already described (p. 624). In order 
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to five it from zinc it is converted into cadmium chloride 
and then into cadmium sulphide (see helow) ; the metal is 
again obtained from the sulphido by roasting tho latter and 
then reducing the oxide with coal. 

Cadmium lias a bright silvery lustre and a sp. gr. of 1 
about 86 ; it melts at about 320° and boils at about 780°. 
Its behaviour towards acids resembles that of zinc. 

Cadmium oxide, CMC), is brown ; the colourless hydroxide, 
Cd(()H) 2 , is insoluble in a solution of sodium hydroxide, hut 
dissolves chemically in ammonium hydroxide solution. The 
chloride', Cd01 2 , 2H.,0, is not hygroscopic and is not hydro- 
lysed by water. The sulphate, 30d»S<) p 81 hd), differs from 
zinc sulphate as regards water of hydration, and is not of 1 lie 
vitriol type. The carbonate, CdO<) 3 , is not hydrolysed by 
water. 

All tho above-named compounds are prepared by methods 
similar to those used in obtaining the corresponding deriva- 
tives of zinc ; except the oxide, they are all colourless. 

Cadmium sulphide, CMS, is obtained as an orange-yellow 
precipitate when hydrogen sulphide is passed through a 
solution of a cadmium .salt, 

CdS<> 4 + H 2 S - CMS + H 2 S0 4 . 

It is insoluble in dilute hydrochloric or sulphuric acid, and is 
therefore precipitated under conditions which do not allow of 
the formation of zinc sulphide. 

1 Mercury, llg; At. Wt. 200. 

Mercury, the only metal which is liquid at ordinary 
temperatures, is found in small quantities in the free state, 
but it occurs principally in the form of its sulphide, HgS, a 
dull-red mineral known as rinnahar (p. 221), which is mined 
at Almaden in Spain, in Austria, Russia, Mexico, California, 
and otl;er places. • 

The conversion of mercuric sulphide into mercury and 
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sulphur dioxide is easily accomplished by heating the com- 
pound in an oxidising atmosphere, 

HgS + O a = J Tg + S0 2 ; 

• 

and on the large scale this change is brought about in 
furnaces of various kinds. The mercury volatilises, together 
with sulphur dioxide and furnace gases, xTT"y 

and the principal, difficulty lies in con- 
denning the mercury vapour, for which Q 

purpose the products are passed through LI 

long flues. * 9 

The crude metal may be freed from 3 

dust and dross by filtering it through ;j| 

chamois leather, but it still contains small ji 

quaiTtitjjes of lead, copper, and other cle- I ■ 

incuts j such inquire samples tarnish on 
exposure to the air, owing to the oxidation !j 

of the impurities, and adhere to the surface ,;.i 

of glass ; they also leave a ‘ tail 1 of oxide (j 

or dross in a vessel from which they have 
been poured. 

Pure mercury is obtained either by jj 

distilling the crude metal from iron "■ 

retorts, or by treating it with very dilute , J 

nitric acid ; in the latter cast',, the acid jjpjj I 

converts the dissolved impurities into rjlia 
soluble salts, and the mercury is sub- m||JI 

sequcntly washed with water. L il n 

A form of apparatus used in the lahora- 
tory for tin* puvilication of mercury is 
shown in fig. 114. The metal escapes 
from the funnel (a) in a very fine stream, and overflows 
into the leceiver. 

When pure mercury is dissolve^ in hot nitric acid, and 
the solution is evaporated to dryness, the salt thus obtained 
leaves no residue when it is ignited ; if, however, the 
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mercury contains iron, lead, copper, <fcc., these impurities 
remain as non-volatile oxides. 

Mercury is a silvery liquid of sp. gr. 13-6 ; it crystallises 
(and molts), at — 39*4° and boils at 357°. Tim density of the 
vapour is about 100; hence the molecular weight of mercury f 
is about 200. .Now, as the atomic weight of mercury is 200, 
it follows that the molecule of mercury is monatomic, (p. 383) 
— that is to say, consists of only one atom ; the molecular 
formula, therefore, is Hg. Cadmium and zinc and many 
other metals are also monatomic. 

Mercury is used in the construction of thermometers, 
barometers, pumps, and other physical apparatus ; in working 
with gases which arc soluble in water; in the extraction 
of silver and gold from their ores; and in making miiyors. 
It has the property of dissolving many other metals, and 
forming with them mixtures or compounds which are termed 
am ah jam 

Amalgams may he prepared by simply adding a metal to mer- 
cury at ordinary temperatures, or by healing the two metals 
together; also in some eases hy covering mercury with a salt of 
a metal. Thus, when mercury is left in contact with a solution 
of silver nitrate the silver is displaced hy mercury, 

AgNO ;i -i- 41 g - TIgNO ;l + Ag, 
am! then dissolves in the excess (if the latter. 

A tin-mercury amalgam was foimerlv used in making mirrors, 
but nowadays silver is principally employed ; sodium amalgam 
(p. 670) is of some importance. 

Mercury does not change on exposure to the. air at ordinary 
♦temperatures, but at about 300" it is slowly converted into 
mercuric oxide. It is not attacked by hydrochloric acid or 
by dilute sulphuric acid to an appreciable extent, but with 
hot concentrated sulphuric acid it gives a sulphate of the 
metal, with evolution of sulphur dioxide, 

Hg + 211,80, JllgSO, + SO, + 2H 2 0. 

Nitric acid acts on lfiercury fairly rapidly, unless the acid 
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is cold and very dilute, and with excess of nitric acid mer- 
curic nitrate is formed, with evolution of nitric oxide (p. 243), 

3i r g + mm > 3 = 3Hg(N o 8 ) 2 + 2 no + 4H 2 o. 

Mercury, unlike magnesium, zinc, and cadmium, gives rise 
to two basic' oxides, namely, mercurous aside, llg 2 (), and 
‘mercuric oxide, llgO. The salts derived from mercurous 
oxide are not actually prepared from this oxide, and ex- 
cepting mercurous chloride and mercurous nitrate, are not of 
much importance* ; they probably contain m/ivalcnt mercury. 
The salts derived from mercuric oxide contain 7>/valent 
mercury, and are of the same type as the corresponding 
salts of magnesium, zinc, and cadmium. 

IVJprcuric nitrate, Hg(N< >.,) 2 , is formed when mercury is 
heated •with excess of moderately concentrated nitric acid 
(see above), and is obtained in colourless crystals when the 
solution is evaporated. It is readily soluble in dilute nitric 
acid, but it is hydrolysed by water, giving an insoluble 
basic salt, 

lTg(N( \) 2 + 1I 2 0 - Hg(N() y )OH + H% 

the composition of which depends on the conditions ; when 
this basic salt is boiled with excess of water it is completely 
hydrolysed and mercuric oxide is formed. 

Mercuric nitrate decomposes when it is gently heated, 
giving a residue of scarlet mercuric oxide, which at higher 
temperatures is converted into mercury and oxygen (foot- 
note, ]). 237). 

Mercuric oxide, HgO, may he obtained by cautiously* 
heating the nitrate, or, more economically, by heating a 
mixture of mercuric nitrate and mercury. It is also obtained 
hy treating a solution of a mercuric salt with a solution of 
sodium hydroxide, 

Hg(NO + 2NaOH - IIj'(T+ 2NaNC). t + H.,0 ; 
iu this hitter miction, the hydroxide* 1I”(( •!!).„ which may 
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be the first product, is not obtained, as it does not exist at 
ordinary temperatures. 

Mercuric oxide prepared by precipitation is yellow and 
amorphous and quite different in physical properties from 
the red crystalline substance obtained by heating the nitrate.) 
lloth varieties are insoluble in water, and with acids give the 
mercuric salts ; they both turn dark brown when they are 
heated (p. 81). 

Mercuric sulphate, HgS0 4 , is prepared by heating tho 
metal with concentrated sulphuric acid ; it is crystalline, and 
is converted into an insoluble basic salt when it is treated 
with water. 

w Mercuric chloride, HgCl 2 , may bo obtained by dissolving 
the oxide in hot moderately concentrated hydrochloric ^icid, 
and then concentrating the (filtered) solution ant'd long, 
needle-shaped crystals begin to separate. Oil the large scale 
the salt is prepared by boating an intimate mixture of 
mercuric sulphate and sodium chloride, 

HgS0 4 + 2NaCl - llgCl* + Na 2 S0 4 ; 

the mercuric chloride sublimes and condenses to a colourless 
crystalline mass, the non-volatile sodium sulphate remaining 
behind. 

Mercuric chloride melts at 265° and boils at 307° ; its 
vapour density corresponds with that required by the molecu- 
lar formula HgCl 2 . It is readily soluble in hot water, and, 
like all soluble mercury salts, it is exceedingly poisonous ; 
it is employed in preserving wood, and in extremely dilute 
solution it is used as an antiseptic. From its properties it is 
commonly known as corrosive sublimate. 

An aqueous solution of mercuric chloride gives with 
ammonium hydroxide a colourless precipitate (commonly 
known as 4 white precipitate ’) of mercuri-ammonium chlonde , 

HgCl 2 + 2NH^= NII 2 IIgCl + NII 4 C1. 

This preparation is used in medicine. It may be regarded 
as derived from ammoiiia by displacing one atom of hydrogen 
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by the univalent group of atoms - HgCl, or from mercuric 
chloride by displacing one atom of chlorine by the univalent 
amino-group — NI1 2 . 

^Mercuric iodide, Hgl 2 , like several other well-known 
mercury compounds, exists in two forms. It is obtained as a 
scarlet insoluble procipilatc on a mercuric salt being treated 
with potassium iodide in aqueous solution, but the iodide 
must be added cautiously, as the precipitate combines with 
potassium iodide to form a colourless soluble compound, 
Hgl 2 , 2KT, or K 2 HgI 4 . This scarlet form of mercuric iodide 
changes at 120°, more rapidly at 150 200°, into a canary- 
yellow form, which melts at 223° and volatilises at higher 
temperatures ; the yellow form, when cooled again to ordinary 
temperatures, may remain unchanged, but when rubbed or 
wlum touched with a particle of the scarlet modification it 
changes into the latter. This behaviour of mercuric iodide 
is analogous to that of sulphur and of many other solids 
which exist ill physically different (polymorphous) forms. 

Nesder’s solution is prepared by adding potassium iodide 
to mercuric chloride, both in aqueous solution, until the 
precipitated mercuric iodide has been converted into the 
soluble complex salt (p. 591) potassium mercuric iodide, 
K,Hgr 4 (see above), and then rendering the solution strongly 
alkaline with potassium hydroxide. This solution gives with 
ammonia or with any ammonium salt a yellowish -brown 
precipitate, 

2HgT 2 + 4 NTT., = NHg.,1 + 3NH 4 I, 

and even with traces of ammonia a yellow or hrown coloura- f 
tion is obtained; hence Nossler’s solution is employed ill 
testing drinking-waters for contamination with sewage. 

Mercuric sulphide, HgS, is obtained as a black precipitate 
when hydrogen sulphide is bubbled through a solution of a 
mercuric salt, . 

HgCl 2 + H 2 S = HgS + 2HC1 ; 

but the first product is generally a colourless precipitate of 
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the composition HgCl.,, 2JIgS, which changes first to yellow 
and then to black as it passes into the sulphide. 

Mercuric sulphide is also formed, together with mercury, 
when hydrogen sulphide is passed into a solution of a mer- 
curous salt ; the reason of this is that mercurous sulphide, 1 
the initial product, undergoes decomposition at ordinary 
temperatures, 

2HgN0 8 + II., 8 - llg.,S 4 - 2ILN0 3 

iig,s^iigs+iig. 

The black form of meicimc sulphide. obtained by precipitation, 
sublimes when it is healed out of contact with ilie air, and gives a 
dark lust ions ctysialline sublimate ; this product closely resembles 
native cinnabar, ami gives a scarlet powder when it is ground. 
The black sulphide also passes slowly into the red iorm when it 
is left in contact with a solution of sodium sulphide, '.The two 
varieties of mercuric sulphide have the same composition, and like 
the two mercuric iodides are different physical forms of one and 
the same compound. The scarlet sulphide is used as a paint 
(vermilion), in colouring sealing-wax, &c. 

Mercuric sulphide is insoluble in hydrochloric acid and 
in nitric acid, but with aqua regia (p. 236) it gives soluble 
mercuric chloride ; as already stated, it is converted into 
mercury and sulphur dioxide* when it is heated in the 
ail. 

Mercurous nitrate, llgNO a , is formed when mercury is 
left in contact with cold dilute nitric acid, and is obtained 
in colourless hydrated crystals, IlgNO.,, II.,0, on the solution 
being evaporated. Jt is hydrolysed by water, giving an in- 
* soluble basic salt, ITg(OII), HgN() a> and its solution in dilute 
nitric acid undergoes oxidation on exposure to the air, 

4HgNO g + -1 NN< >., + ( > 2 = - 41 Ig(N ( ) ;< ) ;> + 21 1 ; ,0. 

In view of the latter fact a little mercury is generally kept 
in solutions of mercuroul nitrate, as the metal reduces any 
mercuric nitrate which may be formed, 

Ug(Ko k ) > +Hg-an g Ko r 
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Mercurous oxide, Ug 2 0, is obtained as a black precipitate 
oil mercurous nitrate bein'* treated with sodium hydroxide in 

aqueous solution ; the hydroxide, Hg(OH), is unknown, 

• 1 

2HgNO a + 2i\aOH - IIg.,0 + H 2 0 + 2NaN0 3 . 

• Mercurous oxide decomposes when it is gently heated, 
giving mercuric oxide and mercury ; the saints decomposition 
occurs when the oxide is treated with acids, and in conse- 
quence a mercuric salt is formed under these conditions as 
the result of a secondary reaction, 
v/ Mercurous chloride, JlgCJ, is insoluble in water, and is 
obtained as a colourless precipitate on mercurous nitrate 
being treated with hydrochloric acid in aqueous solution, 

HgN< ), + liCl - HgCl + H NO,. 

It is prepared on a large scale by heating mercuric chloride 
with mercury, or by heating mercuric sulphate with mercury 
ami sodium chloride, 

IIgS0 4 4 - Hg 4 - 2NaCl - 2HgCl + Na,,S0 4 . 

The product sublimes and condenses as a colourless crystalline 
mass. 

Mercurous chloride is decomposed by boiling hydrochloric 
acid, giving a solution of meicuiic chloride and a residue of 
mercury. With nitric acid it gives a solution of mercuric 
chloride and mercuric- nitrate. 

Mercurous chloride gives with ammonium hydroxide a 
black product, which is probably a mixture of mercury and 
mercuri-amiuonium chloride (p. 632), , 

2HgCl + 2NII, = 11 gN H 2 C1 4- Hg + N II 4 C1. 

On account of this property mercurous chloride is commonly 
known as calomel (from a Greek word meaning ‘ fine black ’). 

Mercurous chloride is used in medicine. ; for this purpose 
it must be most carefully fretjd from the more highly 
poisonous mercuric salt by extracting #t ho latter with # water. 
It is met with in qualitative analysis (a) in separating 
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mercurous or univalent mercury from other metals, and (&) 
in testing for mercuric chloride with stannous chloride, or 
vice rcrml (p. 590). 

In absence of every trace of water, pure mercurous chloride 
gives a vapour the density of which (at 448°) corresponds with* 
that required by the formula Jfg 2 Cl 2 . In presence of moisture 
the vapour density is only half that of the perfectly dry 
vapour, but under these conditions the salt dissociates into 
mercury and mercuric chloride. It is doubtful whether the 
existence of the molecules, Hg 2 Cl 2 , should be regarded as a 
case of association or as evidence that mercury is bivalent in 
this compound. 

Mercurous iodide, Hgl, is not very stable. It seems to be formed 
as a yellowish green solid when iodine is rubbed with excess of 
mercury or when mercurous nitrate is treated with potassium 
iodide in aqueous solution, but if decomposes in sunlight, giving 
a mixture of mercury and mercuric iodide. 

The Relationship between the Klements of the 
Magnesium Family. 

Of the elements included in this family, magnesium, zinc, 
and cadmium are more closely i (dated to one another than 
they are to mercury ; the last- -named metal is exceptional 
in forming an oxide, X 2 0, and a series of corresponding 
salts in which the element is apparently univalent, and in 
which it shows some relationship to the members of the copper 
family (p. 605). The mercurous derivatives being excluded, 
^t will he seen that the members of the magnesium family 
all give rise to compounds in which the metals are bivalent 
— as, for example, the oxides XO, the hydroxides X(01I) 2 , 
and the chlorides XCJ 2 ; corresponding compounds resemble 
ono another in physical and in chemical properties, and 
show, as in other cases, gradual change in properties in 
passing from the derivatives of magnesium to those of 
mercury. % 

Since magnesium is almost as closely related to the members 
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of the calcium family as to zinc, cadmium, and mercury, the 
further consideration of these analogies may be deferred until 
the calcium family has been dealt with. 


CHAPTER LVIIL 

The Calcium Family. 

The three elements, calcium, strontium, and barium, which 
constitute this family are very closely related. They occur in 
nature chieily in the form of their carbonates and sulphates, 
whiefi ap white earthy minerals; tlie.’r carbonates are ‘mild 
alkalis' (p. 75), while their hydroxides resemble in many 
respects those of the alkali-mclals, and are ‘caustic alkalis' 
(p. 75). For these reasons calcium, strontium, and barium are 
often spoken of as the metals of the alkali-earths. 

Calcium, Ca; At. Wt. 40*1. 

The more important naturally occurring compounds of 
calcium have already been fully described (pp. 57-62, 69-75, 
226, 401, 549), and also certain compounds, such as calcium 
oxide (quicklime, p. 57), calcium hydroxide (slaked lime, 
]>. 58), and calcium chloride (p. 148), which are obtained 
from those minerals. Calcium compounds arc contained in 
all animals and plants (p. 139). 

The free element is now manufactured by the electrolysis 
of the fused anhydrous chloride, a process by which it was 
first obtained by Davy. 

As thus produced it has the appearance of lead, hut is 
much harder than the latter, and is cut only with difficulty ; 
its sp. gr. is about 1*85 (or 15), an% its melting-point about 
760°. It is a very active metal ; lik<^ magnesium it burns 
when it is heated in the air, giving calcium oxide and* some 
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calcium nitride , Cn 3 No. It decomposes water readily, with 
formation of calcium hydroxide and liberation of hydrogen, 

Ca + 2H/) = Ca(011) 2 + T[ 2 . 

It combines with nitrogen at a red heat, and also gives 
compounds with hydrogen,* sulphur, phosphorus, carbon, 
and other elements ; the nitride (see above) is decomposed 
by water, giving ammonia and calcium hydroxide. 

Calcium is sometimes used in separating small quantities 
of water from alcohols. 

Calcium carbide, CaC 3 , is manufactured by beating a mix- 
ture of coal and limestone at a very high temperature in an 
electric furnace ; the calcium oxide .produced from the lime- 
stone reacts with the carbon of the coal, giving calcium 
carbide and carbon monoxide, r 

CaO + 30 — CaC., + CO. 

The liquid product solidifies on cooling to a gray, very 
hard, crystalline mass, which is used for the preparation of 
acetylene, 

CuC 2 + 27LO = C«H 4 + Ca(( )1 1) 9 

and for other purposes (p. 519). 

The salts of calcium are derived from the oxide CaO. The 
insoluble ones, such as the carbonate, phosphate, and fluoride, 
and the sparingly soluble sulphate, are all natural minerals 
and are not manufactured; in the laboratory they may be 
obtained by precipitation. The soluble calcium salts are 
prepared by dissolving the native carbonate in acids; hut 
as limestone often contains impurities, pure calcium carbonate 
must be used in the laboratory if pure preparations are 
required. 

Calcium oxide, CaO, prepared by heating the carbonate, 
nitrate, or hydroxide of calcium, is colourless, and only melts 
at the highest temperature of the electric furnace. In the 

* Calcium hydride, CaH 2 (known commercially as hydrolitli), is rapidly 
formed when calcium is h§atcd in dry hydrogen ; when placed in water it 
gives hydrogen and calcium hydroxide. 
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impure, form (quicklime, p. 57) it is used in generating tlie 
lime-light (p. 135), and also as a lining for crucibles and 
furnaces. 

Calcium hydroxide, Ca(OII) 2 , prepared hy slating quick- 
lime (p. 58), is used in the manufacture of ammonia (p. 267), 
caustic soda (p. 672), and bleaching-powder, in making mortar 
and cements,* in tanning, and in agriculture ; its aqueous 
solution, lime-water, is used in softening natural waters 
(p. 281) and in medicine. * 

Calcium chloride, CaCl 2 , has already been described 
(p. 118);+ the bromide, Cal>r 2 , and the. iodide, Cal 2 , re- 
semble the chloride; but the ihioridc is almost insoluble in 
water. 

LNmeJiin(f-potnh>r is a very important commercial product 
obtained by passing chlorine into chambers the floors of 
which are covered with a layer of dry slaked lime. 

The chamber are made of flag stones luted together with asphalt, 
or else of sheet lead. At first the chlorine i* rapidly absorbed, and 
care must betaken that the temperature does not rise above flO°, 
otherwise some calcium chlorate is formed. AY lien the absorption 
of the gas is at an end, the bleaching-powder is packed into casks. 

The change which occurs during tlm conversion of slaked 
lime into bleaching-powder consists essentially in the trans- 
formation of calcium hydroxide into calcium hypochlorite and 
calcium chloride, 

2Ca(Orf) 2 +.2C1.J = Ca(OCl), + CaCl, + 2H 2 0, 

* Ordinary mortar, a mixture of wet slaked lime and sand, gradually 
hardens on exposure to the air owing to the formation of calcium carbonate,# 
which is slowly deposited around the particles of sand, and then gradually 
becomes crystalline. 

Ifialrauhc return fs, such as Portland cement, which harden under water, 
are prepared by cautiously heating carefully prepared, finely divided mix- 
tures of" limestone or chalk and clay. When the product is mixed with 
water to a paste it rapidly hardens, even under water, owing probably to 
the hydration of the calcium and alum ini uni silicates. (Compare p. 227.) 

f The hydrated salt, CaClg, (>ILO, dissolves in water with absorption 
of heat. The anhydrous salt absorbs amdfmia, forming a compound, 
OftCljj 8NIIg. 
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a reaction which 1ms already been studied (p. 430). It would 
seem, however, that a secondary reaction also takes place, 
whereby the chloride and hypochlorite react to form a salt 
which is partly a chloride and partly a hypochlorite, 

CaCl 2 + Ca(OCl) 3 = 2CaCl(OCl) or 2Ca<^ cl> 

and which, therefore, may be called calcium chlorohypo- 
chlorite. 

Tlie principal reasons for believing that this secondary change 
occurs are: (a) bleach ing-powder is not hygroscopic, {ft) alcohol does 
not extract soluble matter from it. As calcium chloride is very 
hygroscopic and is soluble in alcohol, its presence in bleaching- 
powder is very unlikely. Possibly the interaction of chlorine and 
slaked lime takes place in the two stages represented by the 
following equations, 

Ca(( ) IT b + Cl., = Cn( "1(0 H ) ! HOC1 
CaClfO U ) + 11 OCT - CaOl(OCl) + H a O. 

When bleaching - powder is treated with cold water it 
gives a strongly alkaline solution, but it does not dissolve 
completely in, say, 50 times its own weight of water; the 
insoluble matter consists principally of calcium hydroxide. 

These facts seem to show that bleaching-powder contains calcium 
hydroxido, and no doubt samples which have not been thoroughly 
chlorinated do so. Well-prepared samples, however, are probably 
almost free from calcium hydi oxide, and tins substance is only 
formed as the result of the hydrolysis of calcium hypochlorite, 

Ca(OCl ) 3 + 2H 2 0 ^ > Ca( OH ) 2 + 2 H OC1 , 

produced from the calcium chlorohypoclilorite when the latter is 
treated with water, 

2Ca(T(OCl) - Ca(OCl) a + CaCl* 

The aqueous solution of 1)1 eacliing-powder, like the dry 
powder, has a smell recalling that of chlorine and that 
of hypochlorous acid; this solution is used in commercial 
bleaching. 

When a coloured imperial — as, for example, blotting-paper 
soaked 'in litmus solution — is placed underneath the surface 
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of a solution of bleach ing-po wder, the coloured substance is 
only very slowly attacked ; if, however, the material is first 
dipped into the bleach ing-po wder solution and then exposed 
to the air, it is bleached much more rapidly, and feven more 
quickly still when exposed to carbon dioxide. This is because 
the calcium cblorohypochlorite is relatively stable, but when 
it is treated with (atmospheric) carbonic acid it gives hypo- 
chlorous acid (p. 431), which is a vigorous oxidising (bleach- 
ing) tigent. 

Bleach ing-po wder gives chlorine when it is treated with 
hydrochloric or sulphuric acid, 

CaCl(OCl) + 2HC1 - Cl 2 + CaCl 9 + H o 0 
CaCl(OCl) + H 2 SU 4 - Cl 2 + CaS0 4 + H 2 0. 

The quantity of chlorine which is thus obtained depends 
on that of the calcium chlorohypochlorite contained in the 
sample and not on the nature of the acid. In these reactions 
. hy pochlorous acid is lirst liberated; in the case of hydro- 
chloric acid the changes may be expressed thus : 

CaCl(OCl) -f HOI - CaCl 2 + HOC1 
H0C1 + HC1 = C1 2 + H 2 0, 

and in the case of sulphuric acid thus : 

CaCl(OCl) + H.,S0 4 = CaS0 4 + HC1 + HCIO 
H0C1 + H01 = C1 2 + TI 2 0. 

The hleaching-power thus depends on the quantity of 
hypochlorous acid given by the sample, because it is this 
acid which oxidises the colouring matters, and is itself reduced 
to hydrogen chloride. As, moreover, the quantity of chlorine 
which is liberated hy acids also depends on that of the hypo- 
chlorous acid (see equations), it follows that the bleaching 
value of a sample of the powder may be ascertained by finding 
the percentage of chlorine given h^the powder when it is 
mixed with excess of an acid. 

* 

This is very easily done by treating a known weight of 

Inar* 2 O 
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the wimple with acetic acid * in presence of excess of potassium 
iodide, and then finding how much iodine has been liberated 
by titratioi) with sodium thiosulphate (p. 497). The quantity 
of chlorine thus determined is usually about 36-38 per cent, 
in good samples of the powder. This chlorine is termed 
available chlorine . 

If bleaching- powder were a pure compound of the composition 
CaCl(OCl), H 2 0, produced in accoi dance with the equation already 
given (P* 639), it would contain 49 per cent, of available chlorine, 
hat even the very best samples contain only 42-43 per cent. 

The available chlorine may also be determined by treating the 
powder with excess of hydrogen peroxide in a nitrometer (p. 476) ami 
measuring the liberated oxygen, 

Ca \oei + H *°2= CaC1 » + H =° + °r 

Bleacliing-powder deteriorates when it is kept, especially if 
exposed to light, and in strong sunlight oxygen is liheialed, some- 
times very rapidly. 

Other hypochlorites, prepared by electrolysis (p. 432), are now 
l>eing used as substitutes for bleacliing-powder. 

Calcium nitrate, Ca(N(J 3 )^ prepared by treating the 
carbonate with nitric acid, is obtained in colourless hydrated 
crystals (4H 2 0) on evaluating the solution ; it shows the 
usual behaviour of a metallic nitrate when it is heated, 

2Ca(N0 3 ) 2 = 2CaO + 4N( > 2 + 0 2 . 

Calcium sulphate, CaS0 4 (pp. 226, 281), and calcium 
phosphate, Ca 3 (P0 4 ) 2 (p. 549), have been described. The 
sulphate dissolves chemically in moderately concentrated 
hydrochloric acid, owing to the occurrence of the reversible 
reaction, 

CaS0 4 + 2HC1 -4 — ^ CaCl 2 + JI 2 S0 4 , 
jpid the phosphate behaves in a similar manner, 

Ca 3 (P0 4 ) 2 + 61IC1 ^ — >- 3CaCl 2 + 2 H h P0 4 - 

* Acetic acid is used )>ecau£c stronger acids would act on any chlorate 
present, liberating chlorine ; as the chlorate is useless for bleaching pur- 
poses, 4he chlorine obtained from it by the action of strong acids is not 
available chlorine. 
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hut if the solutions art? evaporated hydrochloric acid volatilises 
and the reactions proceed from right to left (p. 359). 

Calcium sulphide. OaS, is formed when an intimate mixture of 
calcium sulphate and charcoal is strongly heated out of contact 
with the air, ■ 

• CaS() 4 4- 4C — CuK -j 4<X>, 

hut the product cannoi lu; purified ; it is practically insoluble in 
water (p. '274 ), hut in contact with water it is slowly hydrolysed, 
giving calcium hv dioxide and soluble calcium hydiosulphide, 

2CaS ) 2lU) = Ca(OTl) 2 + Ca(SH) 2 . 

For this reason calcium hydiosulphide, and not calcium sulphide, 
is formed when hydrogen sulphide is passed into a solution of 
calcium hydroxide, 

( \‘i(0 II ), + 2 li .,S - Ca(S FI )., 4- 2H.X). 

Volatile calcium salts, such as the chloride, give a red colour 
to a non-lumimms llame. 

Httiontium, Sr ; At. Wt. 87*6. 

The metal strontium is so very closely related to calcium that 
a very brief description of its compounds will suffice, especially 
as few of these are of* any great importance. The naturally 
occurring strontium compounds are the carbonate, BrCO ;{ , 
which is found as the mineral strontianite, and the sulphate, 
SrS0 4 , which is often of a blue colour, and is hence known as 
cefestine. 

Strontium may he obtained by the electrolysis of fused 
strontium chloride, hut the free element (sp. gr. about 2 5) is 
practically unknown; it resembles calcium, hut is rather more# 
active, than the latter 

The soluble salts of strontium are easily prepared froin the 
carbonate, hut they caunot he directly obtained front the 
sulphate, as this compound is practically insoluble in acids. 
When the sulphato is used as a sou^e of strontium compounds 
it is first reduced to the sulphide, SrS, by heating it with 
coal or pitch ; the sulphide is then •transformed into the 
chloride or nitrate (dilute, acid being used). 
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Strontium oxide, SrO, is obtained by heating the nitrate 
or the hydroxide ; it cannot be conveniently prepared from 
the carbonate as this salt decomposes only at very high 
temperatures. The oxide resembles calcium oxide, and com- 
bines with water to form the hydroxide. t 

Strontium hydroxide, Sr(OH) 2 , is perhaps the most inw 
portant strontium compound from a practical standpoint. It 
is manufactured by passing superheated steam over the heated 
carbonate, 

Si€ 0 3 + H 2 (K Sr(OII) 2 + COo. 

This (reversible) change is brought about more readily than 
the dissociation of the carbonate, partly because the steam 
rapidly removes the liberated carbon dioxide, partly because 
the combination of the oxide with water is an exothonnie 
reaction. 

Strontium hydroxide is not decomposed by heat so readily 
as is calcium hydroxide, and it is more soluble in water than 
the latter ; from its solutions it separates in hydrated crystals, 
Sr(OII),, 81LO. 

When the hydroxide is added to a solution of (impure) 
cane-sugar (sucrose), it gives with the sugar an insoluble 
precipitate of strontium sucrosate ; for this reason the 
hydroxide is used in preparing pure sugar from molasses 
(treacle) and other impure samples. * The precipitated 
sucrosate is separated from the mother-liquor, which contains 
the impurities, and is then suspended in water and treated 
with carbon dioxide • it is thereby decomposed, giving a 
# precipitate of insoluble strontium carbonate, and a solution 
of pure sucrose, which is afterwards evaporated. 

Strontium chloride, SrCl 2 , and strontium nitrate, 
Sr(NO s ).„ are readily soluble in water. 

Strontium carbonate, SrCO.,, is insoluble in water and 
may be obtained by precipitation, * 

SrCl 2 + (NH 4 ) 2 OC >3 = SrCO., + 2NII 4 C1. 

• c . . 

Like calcium carbonate, it dissolves chemically in carbonio 
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adcl, giving the soluble but unstable strontium hydrogen 
carbonate , Sr(HC0 3 ) 2 . 

Strontium sulphate, SrS() 4 , may bo converted into other 
.strontium compounds in the manner described ^p. 643), and 
also (in the laboratory) by the following process : The finely 
powdered sulphate is mixed with about five or six times its 
weight of ‘fusion mixture,’* and the mixture is strongly 
heated over the blowpipe -flame in a platinum crucible. 
After the product is cooled, it is boiled with water in order 
to dissolve the sulphates of sodium and potassium which have 
been formed, 

SrS0 4 + Xa 2 0(> 3 - SrCO* + Xa 2 S0 4 . 

The insoluble strontium carbonate is then separated by filtra- 
tidh, # washed with water until frte from soluble sulphates, 
and finally dissolved in the required acid. It should be 
noted that if the product of fusion is directly treated with 
an acid (before the soluble sulphates have been removed), 
the strontium salt which is formed immediately reacts with 
the soluble sulphate, and insoluble strontium sulphate is 
regenerated. 

Strontium salts, which volatilise when heated in theBunsen- 
flame, impart to the flame a crimson colouration 

Barium, I5a ; At. Wt. 137*4. 

Barium, like strontium and calcium, occurs in nature in 
the form of ils carbonate, BaC() ;t , and sulphate, BaS0 4 . The 
former is found as the mineral mtheri1e y the latter as the 
mineral heavy spar or barytes (sp. gr. 4*4), both of which ate 
colourless and crystalline. 

Barium may be obtained by tin* electrolysis of fused 
barium chloride ; its chemical properties are similar to those 
of strontium and calcium, but it is even more active than 
strontium. ’ 

* A mixture of the carbonates of sodiujp and potassium which melts 
more easily than does sodium carbonate alone. # 
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The derivatives of barium a re prepared from its naturally 
occurring compounds by methods similar to those used in 
obtaining strontium derivatives from strontiiuiite and celes- 
tine. Thu/?, from witherite, barium chloride and barium 
nitrate may lx* directly prepared ■ but as heavy spar, the more 
abundant mineral, is insoluble in acids, it is first converted, 
into the sulphide by healing it with coal or pitch (p. 643). 

The sulphate may also be heated with pitch and calcium 
| chloride ; when the sulphate lias been reduced to sulphide 
the mass is extracted with water, the solution is separated 
from the insoluble calcium sulphide which is formed, 

BaS 4- CaCl.j - IlaCh + CaK, 

and the barium chloride is obtained in crystals by Concen- 
trating and then cooling the solution. 9 

Barium monoxide, Bad, cannot be conveniently prepared 
by heating haiiuin hydroxide ,»r barium carbonate., because 
so high a temperature is required to deeoinjm.se these 
compounds. 

Barium carbonate nm\ he eon veiled into the oxide by beating it 
with coal dust at about 14.>u dining an hour 01 so; die carbon of 
the coal hasten." Ilie decomposition, because it. leads with the 
carbon dioxide to foim vail Kin monoxide, and t.lms diminishes the 
molecular concentration of the former. 

It is usually prepared by strongly beating barium nitrate, 
but even this decomposition is not easily accomplished in the 
laboratory. 

Barium monoxide is colourless , when heated in oxygen, 
or in purified air, at about 500' it is converted into the 
dioxide. It combines readily with water, forming the 
hydroxide. 

Barium hydroxide, Ba(OJI).,, is nioie readily soluble than 
strontium hydroxide, and sej>arates from saturated aqueous 
solutions in lustrous hydrated crystals, I '»a (( ) 1 1 ). J? 8H 2 () ; it 
is a strong base, and its {aqueous solution (baryta writer) 
absorbs carbon dioxide very readily, the insoluble carbonate 
being precipitated. * 
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Barium peroxide, Ba() 2 , may be obtained by the method 
mentioned above, but the pure oxide is best prepared by 
treating a concentrated solution of barium hydroxide with 
a fairly concentrated solution of hydrogen perqxide. The 
hydrated crystals, Ba0 2 , 8H 2 0, which are then precipitated, 
.may be dehydrated by cautiously warming them in a 
vacuum.* 

Barium peroxide or dioxide is an important compound, and 
is used in the manufacture of oxygen (and hydrogen peroxide). 
It is not a basic oxide, since with acids it gives salts derived 
from barium monoxide ; its constitution may be represented 

by one of the following formulae, Ba/^ or Ba = 0 = O, but 

X 0 

it ig difficult to decide between them. 

Thtf only important soluble salts of barium are the chloride 
and the nitrate, which are prepared by the methods given 
above. 

Barium chloride, BaCl 2 , is less readily soluble in water 
than is strontium chloride, and separates from aqueous solu- 
tions in hydrated crystals, BaCl^ 2H 2 0 ; barium nitrate, 
Ba(NO a ) a , is anhydrous. 

Barium carbonate, ttaC< > 3 , as already stated, is much more 
stable towards heat than is calcium carbonate ; it may be 
prepared in a pure state by precipitation, as it is not hydro- 
lysed by water. 

Barium sulphate ; BaSf> 4J is also obtained in a pure state 
by precipitation, and is the least soluble of all the sulphates. 
Tt is slowly and only incompletely converted into carbonate 
when it is boiled with a concentrated aqueous solution of 
sodium carbonate (p. 360), and it is not appreciably soluble 
in acids. In order to prepare other compounds from barium 
sulphate in the laboratory, the salt is heated with excess of 
fusion mixture, and the product is then treated in the manner 

I * Hydrated crystals of strontium diojudo and of calcium dioxide may he 
obtained from strontium and calcium hydroxides respectively in a similar 
manner. 
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described in the case of strontium sulphate (p. 645), care 
being taken to extract all the sodium sulphate with water 
before adding an acid to the barium carbonate. 

That barium sulphate may he practically completely converted 
into the carbonate liy fusing it with about 4 gram-molecules of 
fusion mixture is probably due to the separation of the carbonate 
from the fused mixture of salts as the latter cools, and before the 
sulphate begins to crystallise out. 

Barium sulphate is employed as a paint, (permanent white) 
and as a Milling" in making writing-paper, t&c. 

Other barium salts insoluble in water are the chromate, 
BaCr0 4 , and the phosphate, Ba^PO^. 

Barium sulphide, UaS, like calcium sulphide, is hydrolysed by 
water, giving the soluble hydrosulphide and hydroxide, 9 

2BaS + 211 o(_) = J»a(SU ), + Ba(< >H ) a . 

Volatile barium compounds, such as tin* chloride, impart 
a yellowish-green colour to a Bunscn-flame. 

The Relationship of the Elements of the 
Calcium Family. 

The similarity between the three hi vain nt metals of this 
family is so striking that it is hardly necessary to discuss 
their relationship. Their oxides, XO, hydroxides, X(()}I).„ 
chlorides, XCJ 2 , carbonates, XC() ;} , sulphates, X8() 4 , and, in 
fact, all their corresponding compounds have similnr physical 
and chemical properties. At the same time there is a 
gradual change in these properties in passing from calcium 
^through strontium to barium, whether the elements themselves 
are considered, or any series of corresponding derivatives. The 
nature of this change is in most cases expressed by saying 
that the basic character of the element becomes more pro- 
nounced as tlie atomic weight increases. Barium is more 
vigorous than strontium, sfiid strontium than calcium, in its 
action on water. Barjum hydroxide is more soluble, more 
active, and more stable towards heat than calcium hydroxide, 
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ami strontium hydroxide stands between the two. Similarly, 
barium carbonate is more stable towards beat than calcium 
carbonate, while strontium carbonate has intermediate pro- 
perties. In the.se and in other respects barium approaches 
piore nearly 'the alkali metals than does strontium, while 
calcium forms a connecting link with the members of the 
magnesium family. • 

The elements of the magnesium sub-family and those of 
the calcium sub-family constitute Family 11. of the periodic 
system (p. 720). The family being taken as a whole, it may 
be said that the anomalies are few in number, while the regu- 
larities are well marked. Beryllium and magnesium may bo 
regarded as belonging equally to both suh-lamilies; while 
they* differ from zinc, cadmium, and mercury in being ‘light 
metals/ in giving sulphides which are decomposed bv water, 
and in other respects, they also differ from calcium, strontium, 
and barium in giving hydroxides which are almost insol- 
uble in water, in giving carbonates which are converted 
into oxides at comparatively low temperatures, and so on. 
Differences sucli as these are only to be expected, since a 
1 break * is often observed in passing from elements of the 
small to those of the large periods. 

The typical compounds of Family TI. are those in which 
the elements are bivalent, and the close chemical relationship 
shown by corresponding compounds has already been indi- 
cated. Further examples of the gradual change in properties 
with increasing atomic weight are given in discussing the 
periodic system (p. 724). « 

Tin) exceptional or ‘ abnormal ’ behaviour of mercury in 
giving rise to the mercurm/s derivatives lias already been 
noted. Even if it is assumed that mercury is bivalent in 
these compounds — and the evidence for or against this view 
is not very conclusive — the other foments of the family do 
not form corresponding derivatives. 
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CHAPTER LIX. 

The Metals of the Copper Family. » 

t 

Tii roe well-known metals are included in this family, 
namely, copper, silver, mid gold These elements have the 
ordinary physical characteristics of heavy metals, and they are 
all very good conductors of electricity. In their chemical 
behaviour they are not very closely related , for although 
they are all univalent in certain of their compounds and 
thus give rise to compounds of the sum* type, copper is 
bivalent, in its best-known salts, ami gold is tervaleut. There 
is, therefore, a wide difference between these derivatives of 
univalent silver, bivalent copper, and tervaleut gold. 

CorrEH, Ou ; At. Wt. G3T> 

This metal occurs m nature in the free state, and in con- 
sequence has been known from the very earliest times; it 
derives its name from Cyprus, whence it was at one time 
principally obtained. Large quantities ol native copper are 
now mined in the neighbourhood of Lake. Superior, in Chili, 
Peru, and Bolivia, and occasionally large masses weighing 
.‘is much as 150 tons are found ; sometimes the metal occurs 
in crystals. 

Many compounds of copper are also found in nature, and 
most of the world’s supply of the metal is obtained from 
these compounds. The oxide, 0u ,O, occurs as the mineral 
cuprite nr red copper ore. Uasic carbonates are represented 
by malachite, CuCf L, (Ti(f > i i ).>, and azurite , 2(Ju(J0 8 ,Cu(0II) a ; 
tlie former is a green, beautifully veined stone which is often 
used for ornamental work, while the latter lias a deep-blue 
colour. Cuprous sulphhfe, CiijS, is found as copper / fiance , 
and, mixed with sulphides and arsenides of iron and other 
metals, as copper pyrites, Cu tJ S, Fo^S a (or CuF<iS tJ ). 
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Owing to the groat variety of the ores of copper and 
tin* many different, copper compounds which they contain, 
in addition to sand, clay, calcium silicate, &c., the extraction 
of the metal is not an easy matter, and various processes 
are. employed.; moreover, the different ores may he introduced 
Jt different stages of the operations. 

The principles on which these processes are based are as 
follows : 

When sulphide, ores are* roasted in a (revel heratory) furnace 
the sulphides of iron, zinc, and other metals are oxidised, 
wifh formation of a metallic* oxide and liberation of sulphur 
dioxide, hut the cuprous sulphide remains practically un- 
changed. On the lieat- being increased, the metallic, oxides 
unit** with the silica present, forming a fusible slag, and the 
cuprous* sulphide also melts. These two liquid product* 
separate from one another, and the cuprous sulphide is run 
oil* from below. 

When the cuprous sulphide, freed from other sulphides, 
is now heated in a reverberatory furnace it gradually under- 
goes oxidation, 

LHhijjK + 3(>« = 2CuJ) + 2S< ) 2 , 

and after some time a mixture of oxide anti sulphide results. 

Oil the heat being then increased, the cuprous oxide, which 
has been formed reacts with the unchanged sulphide (com- 
pare load, p 593), and copper is produced, with liberation of 
sulphur dioxide, 

4 JCn 2 0 l- CV.K .-r 6Cu + K< >., 

In the process which is principally employe*! in England the 
following operations are earned out : 

(I, a ) Roasting for Coarse Metal. The Milpliid- ores, and the 
slags from 2, />, are roasted in a reveiheratorv furnace (lig. 110, p. 587), 
'Flic iron pyrites and Arsenical pyrites are thus oxidised, and sulphur 
dioxide and avsenious anhydride \ol%tilise, but the changes are 
incomplete. 

(1, h) Melting for Coarse Metal. - The* temperature is raised, 
whereupon the oxides of iron unite with the silica and clay to 
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form a fusible slag. Any cuprous or cupric oxide which has been 
formed reacts with sulphide of iron, 

. Ou a O f FeS = OiioS + FeO 

2CuO + 2FcS = Cu 2 S + 2FeO + S, ' 

and the oxide of iron thus formed passes into the slag. The sbfg 
and the cuprous sulphide separate into two liquid layers, and the 
cuprous sulphide is run out into water in order to granulate it. 
The impure cuprous sulphide thus obtained is called coarse metal. 

(2, a) Mounting for Fine Metal. This stage is a, repetition of 
1, n, and the object is to eliminate sulphur and arsenic as before. 

(2, b) Melting for Fine Metal.- This stage is a repetition of 1, b, 
but the cuprous sulphide which is now obtained is far richer than 
before, and is called fine, metal. 

(3, a) Moasting for Blister Copper. — The cuprous sulphide (fine 
metal) is heated in an oxidising atmosphere in order to edit vert 
some of the sulphide into oxide (see p. 651) ; oxide ores, free from 
sulphui compounds, arc sometimes added to the fine metal. 

(3,/^) Melting for Blister Cupper. — The mixture of oxide and 
sulphide is strongly heated iii order to bring about the interaction 
shown above (p. 651); during this operation the escaping sulphur 
dioxide often Can ics away fine particles ftf copper which are deposited 
in the Hues (copper-rain). The liquid metal is run olf. The name 
Mister copper is given to it because the sulphur dioxide which 
continues to escape during the cooling of the metal causes blisters 
or bubbles at the surface. 

The slags, rich in copper, resulting from this last operation are 
worked up again with the coarse metal from 1, b. 

The copper resulting from these operations generally con- 
tains about 98 or 99 per cent, of this metal and small quan- 
tities of many others (silver, lead, nickel, iron), as well as 
• combined oxygen, arsenic, and sulphur. As even very small 
quantities of impurities affect its properties (more especially 
its electrical conductivity) the metal has next to he refined. 

For tliis purpose the blocks or ingots of crude copper are 
piled on the hearth of a reverberatory furnace and gently 
heated in an oxidising ^tmo^phere for some hours ; sul- 
phur and arsenic are then expelled as oxides, the changes 
being ^assisted by t\uf porous character of the ingots 3 the 
foreign metals present and some of the copper are also 
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oxidised. The metal is next melted, skimmed until free 
from slag, and then covered with anthracite (coal), or wood 
charcoal, in order to bring about the reduction of dissolved 
oxides of copper; this reduction is also accomplished by 
stirring the metnl with wooden poles (‘ potmy ? ). Samples of 
the purified metal .are examined from time to time ; and 
when, judging by its physical properties, it is at the right 
'pitch? it is taken. out in iron ladles lined with clay and 
cast into ingots. 

Copper is also refined by an electrolytic process. The 
crude metal is cast into slabs, which are suspended in a 
solution of copper sulphate acidified with sulphuric acid ; 
in close proximity to these slabs, thin sheets of pure copper 
are also suspended. An electric current is then passed 
throfigl^ the solution from the copper slabs, which are 
connected with the anode, to the thin sheets, which are 
connected with the cathode. The copper passes into 
solution and the pure metal is deposited on the sheets ; 
the impurities also dissolve, but they either remain in solu- 
tion or separate as a deposit, which collects at the hot tom 
of the vessel. The process is carried out in a wooden vat 
which is lined with sheet-lead. Copper which hits been 
refined electrolytically is almost free from impurities, and 
many contain as much as 99 99 per cent, of the pure element. 

Copper has a characteristic salmon -red lustre, which, 
however, varies- a little with the physical condition of the 
metal. It is very tough, ductile, and malleable. Its sp. gr. 
is about 8*95, and it melts at about 1060°. On long ex- 
posure to the air it becomes coated with a layer of basic^ 
carbonate, and when heated in the air it undergoes rapid 
oxidation, giviifg first cuprous and then cupric oxide ; it 
does not decompose water even at a red heat. As copper 
is a veiy good conductor of electricity it is very extensively 
employed for that- purpose ; it ^s also used in the manu- 
facture of various utensils, for covering roofs and the hulls 
of ships, for the preparation of a qprent many important 
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alloys, and also, for making oopjmr salts, especially the 
sulphate. 

Copper does not give good castings, as it is liable to become 
porous when used for such purposes; many of its alloys, 
however, especially the various qualities of hrtm % not ohly» 
cast well but are more easily worked than copper itself. «■ 

* The more important copper alloys are brass (copper and 
zinc) and bronze, (copper and tin), of each of which there 
are several varieties. 

Brass contains variable proportions of copper (70 64 per cent.) 
and zinc (.‘10-36 per cent.), and is prepared by adding zinc to molten 
copper. Alloys containing about 15 pei cent, of zinc are called 
tombac ; those with about 20 per cent, of zinc have a golden 
colour, and are used for ornamental purposes and in making imita- 
tion gold-leaf ; those with about 40 50 per cent, of zinc are kffown 
as Muntz metal. 

Bronze contains variable proportions of copper and tin, and often 
relatively small quantities of other elements as well. Gun-metal 
consists of about IK) per cent, of copper and 10 per cent of tin ; bell- 
metal , of about 78 pei cent, of copper and 22 per cent;, of tin. 
Bronze used for ornamental purposes generally contains a small 
proportion of lead and zinc. The important alloy phosphor-bronze 
contains about 90 per cent, of copper, 9*5 per cent, of tin, and 
0*5 per cent, of phosphorus. The British bronze coins consist 
of copper, 95 ; tin, 4 ; and zinc, 1 , per cent. 

Copper is rapidly attacked by ordinary nitric acid, giving 
copper nitrate, water, and nitric oxide (compare p. 245), or 
■some other oxide of nitrogen (p. 530). Hydrochloric acid 
and dilute sulphuric acid do not act on the metal to any 
appreciable extent ; but in presence of (atmospheric) oxygen 
Ohey both do so, especially when they are hot, and a copper 
salt passes into solution, % 

2Cu 4- 4TIC1 + ( >, - 2CuCU + 2H 0 < ) 

2Cu + 2il 2 S0 4 + 0, - 2CuK( ) 4 + 2H s O. 

. Even acetic acid and other 4 weak ’ acids have an action 
on the metal in presence of oxygen, and a basic acetate of 
copper fa prepared by leaving copper in contact with vinegar 
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(p. 279) and air; this product is also known as verdigris , and 
is used in making green paints. 

The action of hot concentrated sulphuric ay id on copper 
has been described (p. 230). 

Copper forms two basic oxides, namely, cuprous oxide, 
©u 2 0, and cupric oxide, CuO. The salts derived from cupric 
oxide may be directly prepared from this compound ; but 
cuprous oxide when treated with acids gives a cupric salt 
together with copper, so that, the cuprous salts have to he 
prepared by other methods. In its cuprous compounds, 
copper is probably univalent that is to say, the structure 
of the oxide is probably Cu — () — Cu; but in its cupric 
comjMjunds it is bivalent, and the cupric salts are therefore 
of tjie same typo as those of the bivalent metals of the 
magnesium family. 

For the preparation of the oxides and salts of eopper in 
the laboratory commercial copper sulphate may he employed, 
or the metal may lx*, converted into its nitrate, and tins 
salt used instead. 

CurnicJ Oxide and the Curiae Salts. 

Cupric oxide, CuO, may be obtained by igniting copper 
nitrate (p. 43), copper carbonate, or copper hydroxide ; * it is 
a black powder, and is readily reduced to the metal when it 
is heated in a stream of coal-gas (p. 44), hydrogen (p. 109), 
or carbon monoxide (p. 121), or with carbon compounds 
(p. 123). It is used in the analysis of carbon compounds 
and for the preparation ol‘ copper salts. 

Cupric hydroxide, Gu(OH) 2 , is formed as a blue pie j 
cipitate when a solution of sodium hydroxide is added to a 
solution of copper sulphate or other cupric salt. Ammonium 
hydroxide likewise gives this precipitate ; but as cupric 
hydroxide and ammonium hydroxide react and form a 
soluble compound, the precipitate disappears again on excess of 

* The word ‘ copper’ is often used instead * cupric* in the case of th? 
cupric rialts. • 
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ammonium hydroxide l>eing added, and a beautiful deep-blue 
solution is obtained. When the blue, precipitated hydroxide 
is heated in presence of water it is partially changed into 
oxide and. turns black; it is completely converted into the 
oxide when it is ignited. t 

Cupric chloride, CuCl 2 , may be obtained by heating copper 
in excess of chlorine, or by heating the metal with hydro- 
chloric acid and a little nitric acid, but more conveniently 
by treating the oxide or hydroxide with hydrochloric acid 
and then evaporating the (filtered) solution. It forms blue 
hydrated crystals, CuCl 2 , 21I a O, hut tlie anhydrous salt is 
dark yellowish-brown. 

Cupric bromide, CuBr f , is known, but cupric iodide does not 
exist (p. 658). 

Oupric nitrate (copper nitrate) has been described (p. 43). 
Cupric carbonate is not known in a pure state ; the pre- 
cipitate obtained on sodium carbonate being added to a copper 
salt in aqueous solution (p. 45) is a basic carbonate , CuC0 3 , 

Cu(OH)j* 

Cupric sulphate, CuS0 4 , is colourless (p. 36) ; but the 
hydrated salt, OuS() 4 , 51I 2 0 (p. 225), is of a deep-blue 
colour. This salt is prepared commercially for agricultural 
purposes (p. 225) ; it is also used in dyeing, in electrolytic 
work (copper-plating), and in batteries. 

Cupric sulphide, CaS, is obtained as a black precipitate 
when hydrogen sulphide is passed into a solution of a cupric 
salt, but it is not very stable, and decomposes partially, giving 
cuprous sulphide and sulphur ; this change takes place com- 
pletely when cupric sulphide is hefitcd out of contact with 
the air (to prevent oxidation). Cupric sulphide is not 
readily attacked by hydrochloric acid, but with nitric acid 
it gives cupric nitrate. 

Fehlintfs solution is the name given to a deep-blue solu- 
tion prepared by dissolving 4Hjio vitriol (34*6 g.) and sodium 

Compare p. 611. 
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potassium tartrate* (173 g.) in water, then adding sodium 
hydroxide; (60 g.), and diluting the mixture to 1000 c.e. 
This solution contains a (soluble) compound produced by 
the interaction of the tartrate and cupric hydroxide ; this 
copper compound is readily reduced to cuprous oxide by 
^various sugars and other carbon compounds, and Fehling’s 
solution is used as a qualitative and quantitative reagent in 
the examination of such substances. 

Cuprous Oxide and the Cuprous Salts. 

Cuprous oxide, Cu 2 0, is obtained as a brick -red precipitate 
when Fehling’s solution is added to a boiling solution of grape- 
sugar (glucose). It is acted on by acids, but as a rule it 
gives a cupric salt and copper, 

Cu 2 G + 1I 2 S0 4 - CuS0 4 + Cu + H 2 0. 

It gives with ammonium hydroxide a colourless solution 
which rapidly absorbs oxygen. 

Cuprous hydroxide is not known in a pure state. 

Cuprous chloride, CuCl, is conveniently prepared by 
heating copper turnings with a solution of cupric chloride 
in hydrochloric acid, 

CuCl 2 + Cu = 2CuCl ; 

on the (filtered) solution being poured into a large volume 
of water the cuprous chloride is precipitated in colourless 
crystals. 

Another method is to pass sulphur dioxide into a solution of 
equivalent quantities of copper sulphate and sodium chloride ; the 
sulphurous acid reduces the cupric chloride which is formed by the 
reversible reaction, , 

CuS0 4 -f 2NaCl -< >- CuCl 2 + Na^C^, 

and converts it into insoluble cuprous chloride, 

2CuCl a + H 2 S<) 3 + H a O =2CuCl + 2HC1 + H 3 S0 4 . 

As the concentration of the cupric chloride is thus continuously 
reduced, the above reversible reaction proceeds continuously from 
left to right. * 

* The hydrated salt, NaK0 4 H 4 O y , 4H 2 0, ^mimonly known as Rochelle 
salt. 

luorg. 2 P 
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Cuprous chloride is insoluble in water, but it is hydrolysed 
by boiling water, giving cuprous oxide and hydrochloric 
acid. With hydrochloric acid it forms soluble compounds 
(ilCuClj and bLCu01 3 ). The solution obtained by treating 
cuprous chloride with concentrated hydrochloric acid or with » 
ammonium hydroxide absorbs and combines with carbon • 
monoxide, and is used for extracting this compound from 
gaseous mixtures in the process of gas analysis. 

Cuprous iodide, Cul, is precipitated when an iodide and 
a cupric salt are mixed together in aqueous solution ; the 
cupric iodide, which is probably first produced by double 
decomposition, < "uKi ) } -f 2K1 — K 0 SO, 4- CuJo, is unstable, and 
gives cupi'ous iodide and iodine, 

2 Cul., 2CuI 4- Ijj ; 
the final results being, 

20 uS( ), 4 - 1KI 2 KjSi -t 2CuT 4- 1*. 

This iodide is almost colourless and insoluble in water 

The above reactions may l»e used for the estimation of 
copper, and also for separating iodides from bromides and 
chlorides (p. 428), since cupric bromide and cupric chloride 
do not give cuprous salt and halogen under such conditions. 

Cuprous sulphide, CJu 2 S,has already been mentioned (p.G5G). 

The cuprous salts and most, of the anhydrous cupric salts 
are either colourless or yellow or brown, hut the hydrated 
cupric salts and their aqueous solutions are generally blue 
or green. The cuprous salts are readily oxidised to the 
cupric compounds 

* Volatile copper compounds impart a green colour to a non- 
luminous flame. 


Silver, Ag; At. Wt. 107*9. 

This metal is found in nature in the free state, generally 
associated with a small proportion of gold, and also in the 
form of various compounds, of which ary entile or diver 
glaner, A g„K. and chloraryyrite or horn-diver, AgCl, may be 
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mentioned ; the occurrence of a small proportion of silver 
sulphide in galena lias already been noted. 

A considerable quantity of silver is obtained from argen- 
tiferous lead in the manner previously described (p. 594), also 
by smelting silver ores with lead ores, and then extracting 
1 the silver by Pattinson’s or l'arke’s method. 

In localities where fuel is expensive the Mexican amalgamation 
process is used. The ore is stamped or ground to a paste with 
water, and is then agitated with common salt ; after some days 
copper sulphate is added, the mixture is again agitated, and lastly 
it is thoroughly incorporated with mercury for a period of some 
weeks or even months. As the result of a number of chemical 
changes the silver is liberated from its compounds and is dissolved 
by the mercury ; the liquid amalgam is filially freed from earthy 
matter by washing if with wafet, and the mercury is then separated 
from tfte silver by distillation. Some of the chemical changes are 
probably repiesented by the following equations : 

2Na( II + CnS0 4 - CuCL + Na 2 S( \ 

Ag,s f run. 2 =‘2Agn+(!uS 
2Ag<’| t' Hg = IlgCLj + 2 Ag. 

The sodium chloride solution dissolves the silver chloride, and thus 
facilitates the action of the mercury. 

Silver obtained by heating some of its compounds — as, for 
example, the oxide — is white and dull, and it may be obtained 
by precipitation as a black powder. Its ordinary appearance 
is familiar to all. It has a sp. gr. of about 10*5, and melts 
at about 960°. The principal uses of silver are for the 
manufacture of utensils, ornaments, and coins, and for coating 
other metals and glass. As the pure metal is not very hard, 
silver coins aud other articles are composed of silver-coppA 
alloys. Thus the 1 British coinage contains 7*5 per cent, of 
copper, and is said to be of a fineness of 925 (because it 
contains 925 parts of silver per 1000 of the alloy). The 
proportion of copper in the alloys used for other purposes 
may ho much greater. * 

Silver does not change on exposure to the atmosphere 
except in or near places where coal is burnt ; in such localities 
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it is acted on by the traces of hydrogen sulphide present in 
the atmosphere, and its surface is darkened owing to the 
formation of a film of silver sulphide. 

I The so-called ‘oxidised silver’ is prepared for ornamental 
purposes by dipping the silver object in a solution of potassium 
sulphide ; the surface is then rubbed or brushed in order to shade it. ' 

Although molten silver does not combine with oxygen, it 
has the very interesting property of absorbing or dissolving 
this gas ; when the metal is kept melted in the air, it 
gradually absorbs about 24 times its own volume of oxygen, 
and if then allowed to cool it gives up the gas again almost 
completely. During the cooling, and after a semi-solid layer 
has been produced at the surface of the metal, the escape 
of the oxygen causes the formation of little ‘volcanoes^ fifom 
which the still molten metal is ejected in thin streams. This 
phenomenon is known as the ‘spitting’ of silver. 

Silver is readily attacked by warm diluted nitric acid 
(p. 238), and also by boiling concentrated sulphuric acid, 

2Ag + 2H 2 S( > 4 - Ag 2 S0 4 + SO, + 2II 2 0, 

but it is not acted on by hydrochloric acid. When heated 
in chlorine it is transformed into silver chloride, and when 
heated with sulphur or hydrogen sulphide it is converted into 
silver sulphide (p. 219). 

Silver forms the basic oxide, Ag a O, and the silver salts 
correspond with this oxide, in which the metal is univalent. 
The starting-point for the preparation of most silver com- 
pounds is the silver nitrate of commerce, whicl* is itself 
prepared from the metal (p. 238). 

Silver oxide, Ag./), is obtained as a pale -brown precipitate, 
probably mixed with silver hydroxide, Ag()H, when a solution 
of sodium hydroxide is added to a solution of a silver salt. 
Before the precipitate has been dried it is appreciably soluble 
in cold water, giving a solution which is distinctly alkaline 
to litmus, and which* therefore, probably contains the 
; hydroxide ; but in any case this hydroxide readily passes 
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into the oxide, and the dried precipitate has the composition 
represented by Ag 2 0. Silver oxide, like the oxides of 
mercury, gold, and platinum, is readily decomposed into 
metal and oxygen, and when heated at about 270° It gives 
a residue of (white) silver. 

Silver oxide gives with ammonium hydroxide a soluble 
compound, of undetermined composition, which is obtained 
as a black solid when the solution is allowed to evaporate ; 
this solid is dangerously explosive, even when it is moist, 
and is known as fnhuina fifty silver. The solution of this 
compound is generally known as ‘an ammoniacal solution 
of silver oxide.’ 

Silver oxide is easily reduced by various carbon compounds 
sueli as grape-sugar (glucose), tartrrtes, glycerol, and formal- 
dehyde, and from the solution of silver oxide in ammonium 
hydroxide (sec above) the metal may he deposited on glass 
surfaces in a coherent, highly lustrous form. In silvering 
glass for mirrors, &e., a solution of silver nitrate is treated 
witli sufficient ammonium hydroxide to redissolve the pre- 
cipitated oxide of silver, one of the above reducing agents 
is added, and the mixture is then poured over the carefully 
cleaned glass surface which is to be silvered. 

Silver peroxide, Ag 2 () 2 , is formed by the action of ozone 
on silver (p. 462) ; it is not a salt-forming oxide, and its 
structure may be represented by the formula Ag - O — 0 - Ag. 

Silver nitrate, AgNO a (pp. 238, 242), silver chloride, 
AgCl (p. 148), silver sulphate, Ag 2 S0 4 (p. 224), silver 
sulphide, Ag 2 S (p. 219), and many other silver salts, have 
been described ; but the haloid c ompounds are of groat im- 
portance, and merit further mention. 

Although silver fluoride , AgF, is soluble in water, tlie 
chloride AgCl, bromide, Agllr, and iodide, AgT, are insoluble, 
and may therefore be prepared bv precipitation. The chloride 
is thus obtained as a colourless/ the bromide as a very pale- 
yellow, and the iodide as a pale-yellow, curdy substance ; the 
chloride and bromide darken on exposure to light ^p. 662). 
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The insolubility of the chloride, bromide, and iodide in 
water and in nitric acid renders these substances suitable not 
only for the detection , but also for the estimation of the 
halogen acids and their salts, as fully described in the case 
of silver chloride (p. 149). 

Although insoluble in water, these three compounds are ' 
readily transformed into various soluble derivatives ; when 
they are treated with sodium thiosulphate (p. 498) or potas- 
sium cyanide (p. 679), for example, in aqueous solution, they 
pass into soluble compounds represented by the formula 1 . 
NaAgS 2 () a and KAg((JN) 2 respectively. 

With ammonium hydroxide silver chloride reacts to form 
a readily soluble compound ; so also (hut not so readily) does 
the bromide; the iodide is practically insoluble in amnionvmi 
hydroxide. # 

The silver halides, which darken on exposure to light, hut 
more especially the hromidr, are used in phot oij raj riuj , the 
darkening is probably due to the formation of a suVhalogon 
salt, such a 8 Ag.>Br. 

Silver may he obtained again from the insoluble chloride, 
bromide, or iodide by leaving these compounds in contact 
with zinc and dilute sulphuric acid ; the halide is reduced 
by the ‘nascent’ hydrogen (p. 341), and the halogen acid thus 
formed, 

Zu 4- H,S0 4 + 2 A«C!1 - ZnS< > 4 + 21IC1 + 2Ag, 

♦ 

does not act on the liberated metal.* This process is used 
in removing these silver salts from crucibles in which they 
Ifave been melted in the course, of quantitative analysis ; also 
for the preparation of pure, silver. 

Silver may also he obtained from these halogen compounds 
by boiling them with sodium hydroxide solution and cane- 
sugar ; the halide is reduced, and silver is obtained as a dark 
powder. $ 

I * The very finely divided sliver thus obtained is much more active than 
the compact metal, an<] is known ad 1 molecular silver' 
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Gold, An; At. Wt. 197*2. 

This relatively rare anti beautiful metal is found almost 
exclusively in the free state, lmt never in a pure condition ; 
it often contains a. considerable proportion of silver. It 
occurs in grains, crystals, or large masses, in veins of quartz, 
or in the sand jvroduoed by the, disintegration of the rock 
components. 

It i* also foil ml in very small quantities in iron pyiites, arsenical 
pyrites, and many other mineials which contain sulphides, also in 
combination with tellurium (p. 

Tlie primitive mct-lmd of extracting gold was to agitate tlic 
crushed rock, or the sand, with water, in such a maimer that 
the lighter earthy materials were washed away, leaving the 
heavier particles of gold. Later on, the. rich sediment ob- 
tained in this way was shaken with mercury, which dissolved 
the gold, forming a liquid amalgam ; the latter, which could 
be easily separated from tin* sludge, was then heated in order 
to volatilise the mercury. 

At the present day the gold-bearing rocks are stamped by 
machinery, and tlie material is then carried in the form of a 
paste or sludge by a stream of wafer over copper plates 
which are coated with mercury ; a certain proportion of tlie 
gold is thus extracted, and the mercury amalgam scraped 
from tlie plates is then heated in iron retorts in order to 
distil and recover the mercury and separate tin* gold. The 
material (‘tailings’) which has thus been extracted, and also 
very poor ores, are treated by the cyanide process. Gold^is 
acted on by an aqueous solution of potassium cyanide 
(p. 679) in presence <*J atmospheric oxygen, giving soluble 
potassi urn anroct/a)wlt\ 

4 Au + rtKCN + 211 ,< > + O, - 4K Au(CN), + 4K011 *, 

the ores arc therefore extracted with a dilute (say 0*5 per cent.) 
solution of potassium cyanide in hgge wooden vats, and the 1 
gold is then obtained from the solution either by depositing 
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it electrolytically on leaden electrodes, or by precipitating it 
with zinc. 

Another method of extracting gold, particularly fiorn ores con- 
taining metallic sulphides, is to roast the crushed ore in order to 
expel sulphur (as sulpliui dioxide), and llien to treat the product * 
with hleacliing-powder and dilute sulphuric acid (or with chlorine* 
and water). The gold is converted into soluble auric chloride, and 
the solution of this compound is then treated with ferrous sulphate, 
which precipitates the gold as a reddish-brown powder, 

An Cl 3 + 3FeS( ) 4 = An 4 FeCl ; , 4- Fe u (S< ) 4 ) 3 . 

The crude gold obtained by any of these methods may bo 
purified by passing chlorine through the melted metal ; many 
of those metals which are present in small quantity are thus 
converted into rolntiJp chlorides, while the chloride of silver 
which is produced forms a non-volatile layer at the surface of 
the melted mass. Gold, at its melting-point, does not combine 
with chlorine. 

Gold is very malleable and can be beaten out into extremely 
thin sheets (gold-leaf), which are often so thin (less than 
0'0002mm.) as to be transparent to green light. It melts at 
about 1060 u . and has a sp. gr. of 19\3. As pure gold is 
relatively soft, the metal used for making coins and for nearly 
all other purposes is alloyed with copper. The British gold 
coins contain 2 parts by weight of copper in 24 parts of 
the alloy, and consist of what is called 4 22-carat * gold (the 
pure metal is 24-carat). The alloys used in making gold- 
ware may be either 22, 18, 15, 12, or 9-carat gold. 

Gold is not attacked by hydrochloric, nitric, or sulphuric 
afiid, but when treated with aqua regia (p. 236) it is con- 
verted into soluble auric chloride ; it is also readily acted 
on by moist chlorine at ordinary temperatures, and by an 
aqueous solution of potassium cyanide in presence of oxygen 
(p. 6G3). 

Gold forms two series of compounds : the aurovs com- 
pounds, in which the ^nclal is univalent, and the auric 
compounds, in which it is tervalent. The former correspond 
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with the cuprous compounds and with the derivatives of 
silver, but the auric salts are more commonly met with. 

Auric chloride, AuC 1 3 , is produced when gohl is treated 
with aqua regia ; on the yellow solution being evaporated, 

? ello\v hydrated crystals of chi a raff nr arid , AuCI 3 , JIC1, or 
IAuC 1 4 , remain ; and when this substance is very cautiously 
heated it decomposes, giving auric chloride, Au(JI ;i , a red 
crystalline salt. On potassium chloride being added to 
auric chloride in concentrated aqueous solution, potassium 
aurichloride, KAuC 1 4 , 2 H 2 0 , is obtained in yellow crystals. 

Hydrated yellow crystals of ammonium aurichloride, 
(N1I 4 )AuC 1 4 , may be obtained from ammonium chloride m a 
similar manner. Sodium aurichloride, NaAuClj, 2I1 2 <>, is 
used*in photography. 

Auric hydroxide, Au(OH) s , is precipitated as a yellowish brown 
solid when a solution of auric chloride is treated with a basic 
hydroxide, but it is an acid, and is converted by excess of the basic 
hydroxide into a metallic ntclavralc ; N\ith sodium hydroxide, for 
example, soluble sodium metaurate, NaAuCL, is formed, the normal 
acid, Au(OH)<„ giving HO AuO and H./). W hen ammonium hy- 
droxide is added to a solution of auric chloride, a greenish -brow n, 
highly explosive substance (Jfihniunthnj (/old) is precipitated. 

Aurous chloride, AuCJ, is obtained when auric chloride is lien tod 
at about 180 °. It is a colmnless solid, insoluble in water, and >\ lien 
licated strongly it is decomposed into its elements. Aurous oxide, 
Au v O, is obtained as a brownish- violet powder by treating aurous 
chloride with sodium hydroxide solution. 


As already noted, the relationship between copper, silver, » 
and gold is not a very close one. In physical properties 
they resemble one another in being very good conductors 
of beat and of electricity, in which respects they surpass all 
other metals. In chemical properties the resemblance is 
limited to tlios 0 compounds in ^vbicli the elements are 
univalent. They all form basic oxides of the type X 2 () and 
chlorides of the type XC1. These chlorides are all colourless 
and insoluble in water, but with ammonium hydroxide, 



THE ALKALI METALS. 


QM 

sodium thiosulphato, and several other compounds, they yield 
corresponding derivatives which are readily soluble. 

Copper differs from tin* other two elements in giving rise to 
stable, well-defined compounds in which it is bivalent. These 
compounds* show in many respects a fairly close relationship 9 
with corresponding derivatives of tin*, bivalent elements oY 
the magnesium and calcium sub-fa unites, and also with corre- 
sponding derivative* of iron, cobalt, nicked, and manganese. 
This fact affords a further instance of the general rule that, 
the properties of a compound depend on the typo of that 
compound rather than on the elements of which it is 
composed. 

(Sold diffciR from the other two elements of the sub-family 
in forming compounds in which it is tervalent. and in vthich 
it shows some relationship to aluminium and •>ther members 
of Family III. 


CHAPTER LX. 

The Alkali Metals. 

The meaning of the term ‘alkali' lias already been ex- 
plained (p. 75), and it has also been stated that the caustic 
alkali, sodium hydroxide, NaOll, was obtained long ago by 
treating an aqueous solution of the mild alkali, sodium 
carbonate, with milk of lime. In 1S07 it was found by 
Davy that sodium hydroxide could be decomposed with the 
•aid of a current of electricity (see p. GfiS), and that it was a 
compound of an element to which the name so<!hnn was 
given. Tn a similar manner potassium hydroxide, KOII, 
was found to be a compound of an ‘dement to which the 
name potassium was given.* These dements, obtained from 

* The symbol of sodium, N^, is derived from Natrium^ the German 
nune for sodium, which is derived from natron, a word of Arabian origin. 
The symbol of potassium? K, is derived from Kalium (German), which is 
.'iso of Arabian origin ( alkali , the asli). 
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alkalis, and subsequently found to have the propel ties of 
metals, were classed as the alkali wrlals. In later times 
three oilier metals (lithium, rubidium, and caesium) hating 
properties similar to those of sodium and potassium were 
discovered, and the* natural family of the alkali metals now 
consists of these live elements. 

Lithium, Li, at. vvt. '7 0, occurs in a combined state in many 
plants (notably in the tobacco-plant), but only m very minute 
quantities Traces of its compounds aic also found in some natural 
waters and in many rocks. It- is a silvery solid, and is the lightest 
metal known, its sp.gr. being only (P53. Its general behaviour is 
very similar to that of sodium, from which it differs principally in 
giving a hydroxide, LiOIf, a car hoi i ate, LLCO.,, and a phosphate, 
‘ 2 Li : ,H> 4 , TU>, which aic far less soluble in water than the corre- 
spomflng # sodium compounds. Tlie carbonate and the phosphate 
may l>e obtained iroin a solution of tlie chloride, LiCl, by precipita- 
tion ; the former is used in medicine in cases of gout and rheumatism, 
because lithium urate is moio soluble in water than most ot-hei 
salts of uric acid, and it is (or was) supposed that the administiation 
of lithium carbonate would assist the elimination from the system 
of the deposits of uric acid which aie burned in such cases. 


Sodium, Na ; At. AVt. 23 0. 

Sodium is by fat tlie most abundant of tlie. alkali metals. 
It occurs only in the combined state in tlie form of sodium 
salts. Sodium silicate is a component of many igneous rocks, 
and occurs in some minerals (as, for example, in albito, p. 291) 
in considerable quantities. In the course of ages tlie 
sodium silicate, liberated by the disintegration of such rocks, 
passes into solution, and is changed into other soluble sodium 
salts, such as the chloride, carbonate, nitrate, and sulphate, 
by interaction with other earthy materials, in consequence 
of their solubiliLy, sodium salts are, present in larger or 
smaller quantities in all fresh paters ; they are carried 
into lakes and seas, where they slowly accumulate (p. 112), 
and by the gradual evaporation of sucll lakes or inland seas 
vast beds of sodium salts have been deposit^! in many parts 
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of the world. The occurrence of sodium chloride in such 
deposits (as rock-salt) and in sea- water has already been 
noted, and the way in which sodium nitrate is produced 
has also been indicated (p. 241). The sulphate (p. 22^) 
and the carbonate (p. 273) occur principally in the dissolved 
state. 

Sodium compounds are also contained in plants (particularly 
in those growing in or near the sea) and in animals. 

Sodium is now prepared on the largo scale by the elec- 
trolysis of melted sodium hydroxide. The primary products 
a re 2Na and 2011, but a secondary change immediately 
occurs at the anode, resulting in the liberation of oxygen 

and the formation 
of water. 0\f ins to 
the presence of this 
water, and to water 
originally contained 
in the hydroxide, 
the fused mass also 
gives, to some extent, 
the products of elec- 
trolysis of a solution 
of sodium hydroxide 
— namely, hydrogen 
and oxygen (p. 303). 
The final results, 
therefore, are the 
liberation of sodium and hydrogen at the negative pole and 
of oxygen at the positive pole. 

The apparatus used in this process is shown in fig. 115. 
The sodium hydroxide contained in the cylindrical iron vessel 
(a) is first melted with the aid of the circular gas-burner 
(b, b). The iron or njekel cylinder (h), insulated from 
tli% vessel (a) by means of asbestos, forms the anode, and 
the cylinder (c), also insulated, forms the cathode. The 
sodium and tluj hydrogen liberated at the surface of ( c ) rise 



— b 


Fiff. 115. 



THE ALKALI METALS. 


669 


through the fused hydroxide, and, guided by the cylinder of 
iron gauze (d), the sodium collects in the chamber («), 
while the hydrogen escapes under the loosely fitting cover 
(/). The sodium is ladled out from time to bime with 
linely perforated iron spoons. The oxygen liberated at the 
anode escapes through the aperture ((/). 

Sodium is a very soft metal, and is easily cut with a knife 
or pressed through a die ; it has a bright metallic lustre, very 
like that of silver; but in* other respects it does not show 
those physical properties which are commonly associated 
with the term metal. Its sp. gr. is only 0*97, and it melts 
at 98 ( \ It rapidly tarnishes on exposure to the air, because 
it is so readily acted oil by aqueous vapour; for this reason 
it inii|t he kept in well-closed vessels, or, if in small pieces, 
immersed? in petroleum. It takes fire and forms oxides when 
it is heated in the air, and it decomposes water with great 
vigour, liberating hydrogen and giving sodium hydroxide, 

2Na + 21 U) - 1L 4- 2Na01I. 

A violent and dangerous explosion (the cause of which is not 
known) often occurs when sodium and water arc brought 
together, and the best way of studying this interaction is to 
wrap a small piece of the metal securely in a piece of fine 
iron gauze, which is then placed, with the aid of a pair of 
tongs, under a gas-jar filled with water standing in the pneu- 
matic trough. A glass screen may be used as an additional 
precaution. 

Sodium is a very active element ; it combines directly with 
most of the non-metals either at ordinary temperatures or on 
the application of heat, and also acts on nearly all compounds. 
Tlius it liberates nearly all elements from their oxides, and 
it displaces hydrogen from water, ammonia, hydrogen sulphide, 
and many other hydrogen compounds, but not as a rule from 
hydrocarbons (p.* 125). All experiments with this metal 
should be. very cautiously conducted. # 

The principal laboratory uses of sodium are for th£ pre- 
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paration of sodium amalgam, and for testing for certain 
elements in organic compounds. 

Sodium Amcdtjam . — When a piece of sodium (say about 
0*5 gram) is thrown on to some mercury (say 500 g.) con- 
tained in a mortar, and is then pressed with a pestle unriet 
tin* mercury, the two elements combine, with development of 
heat, and sometimes with a Hash of light.* 

On the addition of sodium being continued until the 
product contains about '1 per cent, of the latter, and the mass 
being then allowed to cool, a hard, silvery solid, sodium 
amalgam, is obtained. 

This amalgam is readily acted on liy water with forma- 
tion of hydrogen, sodium hydroxide, ami mercury, but 
the reaction is quite a gentle one and free from dagger 
hence sodium amalgam is often employed in conjunction 
with water, or some dilute acid, as a reducing agent, its 
action being due to the generation of nascent hydrogen 
(p. 341). Thus veiy dilute nitric acid is reduced by 
sodium amalgam, and is ultimately conceited into ammonia 
(p. 530). 

When coarsely crushed sodium amalgam is added (in consider- 
able proportion) to a concentrated acjueous solution of ammonium 
chloride, a bulky, silvery pioduct of a buttery consistency is rapidly 
formed. This pioduct is known as ammonium amalgam , and 
possibly contains an alloy, or a compound, of mercury with the 
radicle ammonium, (N I I, A ), which is unknown in the free state 
(p. 2H6). The sodium in the sodium amalgam may liberate this 
ammonium radicle, (Na I NH 4 C1 --NaCl -t- NH 4 ), and the latter 
may then dissolve in or combine with the mercury. Whatever its 
nature may he, the product is very unstable, even at low tem- 
peratures, and rapidly decomposes, giving ammonia, mercuiy, and 
hydrogen. 

Oxides of sodium are formed when the metal is gently 
heated in air which lias been dried and freed from carbon 

* In order to protect the eyos^rom possible injury hy the spirting of the 
materials, tlie mortar should be covered with a piece of cardboard, in the 
centre of which u hole is rCadc for the passage of the pestle. Oaie should 
H^qheAaken not to inhale, the vaporised mercury. 
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dioxido ; the fust product is probably sodium monoxide, Nn a O, 
but as this compound combiner readily with oxygen, giving 
sodium peroxide, Na 2 ().„ it is not obtainable in a pure state. 
The monoxide., Na^O, is a colourless solid, and ifs the only 
salt-forming oxide of sodium , it unites vigorously faith water, 
giving sodium hydroxide.* 

Sodium peroxide, NaJh, is munufaetmed by heating 
shavings of sodium on aluminium trays m a stream of dry, 
purified air, at about. 400*. It. is a pale-yellowish powder, 
which reacts vigorously with water, giving hydrogen peroxide 
and sodium hydroxide, 

Xn 2 < K + 2 1 1 ,< > - I IJ ), + 2N at )H ; 

but $ the same time, unless great cart* is taken to keep the. 
solution* cool, some of the hydrogen peroxide is decomposed, 
and a vigorous- effervescence, due to the escape of oxygen, is 
observed. 

Sodium peroxide is used, both in the dry state and in 
presence of water, as an oxidising agent. Thus when 
manganese dioxide is heated with it sodium manganatc is 
formed (p. 450), and with chromium sesquioxide It gives 
sodium chromate (p. 508). 

When a little alcohol is poured on a small heap of the 
peroxide, placed on an iron tray, the alcohol is oxidised with 
development of so much beat tlml the mixture puffs and 
takes fire. As many other carbon compounds, and even char- 
coal, are similarly acted on, sodium peroxide must not he 
stored iii wooden cases or in paper, and when it is used 'as 
an oxidising agent in the dry state the experiment should he 9 
performed very cautiously. 

The oxidising effect of sodium peroxide in presence of 
water may he shown by adding the powder in small quantities 
at a time to chromium hydroxide which is suspended in 
water ; the green solid is transformed into sodium chromate, 

I * The monoxide may also bo obtained in an i&oure condition by Jiieatin^ 
sodium with sodium nitrate. 
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which passes into solution. On the large scale sodium peroxide 
is used as a bleaching agent.* 

The structure or constitution of sodium peroxide is probably 
similar to -that of hydrogen peroxide (p. 475), and, therefore, 
is not yet established. * 

Sodium hydroxide, NaOH, commonly known as caustic 
soda (p. 78), is prepared on the large scale by treating ail 
aqueous solution of sodium carbonate with milk of lime, 

Na.,C< > a + Ca(OH), - 2JS T a< )H + Ca00 3 . 

The precipitated calcium carbonate is separated by filtration, 
and the solution is then evaporated in iron pans until the 
liquid solidities when cooled. 

The above reaction is reversible, and for this reasoy the 
concentration of the sodium hydroxide solution must not 
exceed a certain limit, otherwise the decomposition is very 
incomplete. 

Sodium hydroxide is also prepared from sodium chloride 
by electrolytic processes. Many different, methods are em- 
ployed, hut in most of them one of the principal difficulties 
to he overcome is the keeping apart of the products of 
electrolysis; unless this is done hypochlorites and chlorates 
are formed (pp. 432, 435), instead of sodium hydroxide and 
chlorine, when electrolysis is carried out in aqueous solu- 
tion. 

In one process fuscA sodium chloride, resting on a layer of 
molten lead, is submitted to electrolysis. The anode consists 
of a number of graphite rods which dip into the fused sodium 
chloride, and at the surface of which rhlorim is liberated. 
The molten lead forms the cathode and dissolves the liberated 

* It is also sold in a compact form (obtained by melting it), under the 
name of * oxonc,’ for generating oxygen. The most convenient way of 
using sodium peroxide for the generation of oxygen is to mix it with about 
an equal weight of hydrated t&rtiiiiu sulphate or sodium carbonate ; on 
this inixture being gently heated, the peroxide reacts with the watei of 
hydration of the salt, an<ba steady stream of oxygen of a high degree 
ot puritjr is obtained. 
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sodium. The molten alloy thus formed is blown by a steam- 
jet into a second vessel, in which the sodium hydroxide , pro- 
duced (together with hydrogen) by the action of the steam, 
separates in the fused state from the molten lead ; the latter 
is forced back into the electrolytic cell, so that the process is 
Continuous. 

In other processes an aqueous solution of sodium chloride 
is employed, and in some of these the cathode is a layer of 
mercury at the bottom of the cell. The mercury, which dis- 
solves the sodium, is in constant circulation, and is first 
passed into another vessel (or another compartment) which 
contains water. Here the sodium amalgam reacts with the 
water, forming sodium hydroxide and hydro yen, and the 
mercery is then returned to the electrolytic cell. The anode 
consists *of graphite rods, at the surface of which chlorine is 
liberated. 

In other processes the anode (consisting of plates of black 
oxide of iron) and the cathode (consisting of iron plates) dip 
into a solution of sodium chloride, but are separated by a 
diaphragm of porous cement. Chlorine is liberated at the 
anode, hydroyen at the cathode, and the solution of sodium 
hydroxide which is formed around the cathode (p. 303) is 
prevented by the diaphragm from diffusing into the anode 
compartment. 

The chlorine obtained under the above conditions is used 
for the manufacture of.bleaching-powder and other substances, 
and is also sold, compressed to a liquid, in iron cylinders. 
The hydrogen is also compressed into cylinders and utilised ( 
for various purposes, such as for filling balloons and air-ships, 
for generating the oxy-hydrogen flame, &c. Further, the 
hydrogen may he combined with the chlorine ; the hydrogen 
chloride thus obtained is free from impurity, except a little 
dissolved chlorine. # 

Commercial sodium hydroxide, especially that prepared from 
sodium carbonate which has been manuf actured by the Leblanc 
process (p. 274), is highly impure and centals many sodium 

Inorg. 2 Q 
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salts. It may be purified by treating it with alcohol, in 
which sodium hydroxide is soluble whereas the sodium salts 
are insoluble ; the clear solution is then decanted and evapo- 
rated. As -the hydroxide attacks glass and porcelain vessels, 
especially when it is hot, giving soluble sodium silicate ancj 
sodium aluminate (p. 013), these operations must be con- 
ducted in silver vessels. A better method of preparation is 
to dissolve pure sodium in pure methyl alcohol (p. 127) in 
a silver basin; the solution is then diluted with distilled 
water and evaporated out of contact with atmospheric carbon 
dioxide. 

Some of the properties of sodium hydroxide have already 
been described (p. 78). It acts readily on the halogens 
(p. 430) and on colourless phosphorus (p. 541); when hot it 
attacks sulphur, giving sodium sulphide and sulphur dioxide, 

3S + 4NuOII - 2Na 2 S + S(> 2 + 2H 2 0, 

but the latter immediately reacts with the hydroxide to form 
sodium sulphite, which then unites with sulphur to form 
sodium thiosulphate (p. 496). These three reactions are 
summarised in the following equation, 

48 + 6NaOH - 2Na 2 S + Na 2 8 2 O a + 3II 2 0. 

Sodium hydroxide also acts on silicon; it attacks aluminium 
rapidly and zinc slowly, giving hydrogen and a sodium salt 
of the metallic hydroxide (which acts as an acid). 

From solutions of metallic salts, sodium hydroxide pre- 
cipitates those hydroxides which are insoluble, or only sparingly 
soluble, in water — as, for example, the hydroxides of man- 
L ganese, chromium, tin, lead, aluminium, zinc, cadmium, copper, 
magnesium. In those cases in which the hydroxide is unstable 
(mercury, silver) the oxide of the metal is precipitated. As 
many of these metallic hydroxides give soluble salts with 
sodium hydroxide, the addition of excess of sodium hydroxide 
in such cases causes the ^disappearance of the original pre- 
cipitate. 

Sodium hydroxide is principally used on the large scale 
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for the manufacture of glass and soaps, and in preparing 
wood-pulp for the paper industry. 

The sodium salts are all derived from the oxide, Na 2 0, in 
which the metal sodium is univalent ; they are all soluble in 
water. The more important ones have already befen described, 
.and only a few points remain to be considered. 

Sodium chloride (pp. 35, 147) as obtained commercially is 
often impure, and is sometimes slightly deliquescent owing to 
the presence of magnesium or calcium chloride. 

The pure compound is best prepared by passing hydrogen 
chloride into a cold (filtered) saturated solution of the com- 
mercial substance. Sodium chloride is far less soluble in con- 
centrated hydrochloric acid than in water (a property which 
is shown by other soluble chlorides, p. 397), and as the gas 
dissolves, crystals of sodium chloride are precipitated. These 
crystals arc washed by decantation with concentrated hydro- 
chloric acid, drained on an asbestos filter, and finally heated 
strongly. 

Sodium bromide and sodium iodide may he prepared from 
the bromate and iodate respectively, as previously mentioned 
(p. 433). 

Other important sodium salts arc the carbonate (pp. 273, 
275), sulphate (p. 226), acetate (p. 279), thiosulphate (p. 496), 
nitrate (pp. 241, 414), nitrite (p. 527), phosphate (p. 549), 
and tetraborate (p. 607). 

Sodium salts impart an intense yellow colouration to a non- 
luminous flame. 


Potassium, K; At. Wt. 39*1. 

The chemical relationship between sodium and potassium is 
a very close one, and extends to nearly all the compounds of 
the two elements ; so much is this the case that a potassium 
compound may* be used instead of the corresponding sodium 
compound, and vice versd, t in almost $ny reaction in which 
either takes part. 
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Potassium hydroxide, for example, may nearly always bo 
employed instead of sodium hydroxide ; although it is rather 
more active than the latter, the two compounds usually give 
similar results. For these reasons potassium and its deriva- 
tives need oftly a brief description. > 

Potassium occurs in nature in forms of combination corre-, 
sponding with those of sodium, but is far less abundant. 
The principal source of these compounds is the vast saline 
deposit which occurs in the neighbourhood of Stassfurtli, and 
which has been produced by the evaporation of sea-water 
during, it is supposed, a period of some 15,000 years. 

This deposit, which covers an area of about 100 square miles, con- 
sists of layers of various salts, or double salts, or mixtures which 
crystallised out one after the other as the solution evaporated. 
In addition to rock-salt, the principal components of the dcposft are 
carnallite (which forms a layer 50-150 feet in thickness), kainitc, 
sylvine, and kieserite (compare p. 019). 

Potassium silicate occurs in small quantities in many 
igneous rocks (p. 290), associated with oLher silicates, as, for 
example, in orthocla.se (p. 291); during the weathering oi 
sucli rocks the potassium silicate is dissolved and passes into 
the soil, whence it, or other potassium salts formed from it, is 
absorbed by plants. Potassium compounds are essential to 
vegetable growth, and the ashes of land-plants were at one 
time the principal source of potassium carbonate. From 
vegetable matter taken as food, potassium salts pass into 
animal organisms, to which also they are essential. Potassium 
nitrate (p. 241) is an important naturally occurring salt.* 

* Potassium is manufactured in small quantities only ; it is 
obtained by the electrolysis of fused potassium chloride in 
much the same way as sodium is obtained from sodium 
chloride, and also by very strongly heating an intimate 
mixture of potassium carbonate and carbon, 

K 2 C0 3 *2C = 2K + 3C0. 

* Tl^p water in which i.?heep- wool 1ms been washed contains soluble 
potassium salts, and j when these ate ignited they yield potassium carbonate. 
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*1 lie mixture) prepared by heating crude potassium hydrogen 
tartrate (argol, p. 282), is heated in iron cylinders coated with clay, 
and the potassium, which volatilises, is condensed in shallow, air- 
cooled iron boxes. Sodium was formerly prepared from sodium 
carbonate in a similar manner. . 

• Potassium is plastic, arid is easily cut with a knife ; it has 
a silvery lustre, and its sp. gr. is 0*87 ; it melts at 62*5°. It 
rapidly tarnishes on exposure to the air, aiul for this reason 
it is stored under petroleum. When thrown on water it 
liberates hydrogen, and the gas immediately takes lire, burning 
with a flame which is coloured violet or lilac owing to the 
volatilisation of the metal ; a solution of potassium hydroxide 
is produced, 

. 2K + 2H 2 G = 2KOH + H 2 .* 

Two oxides of potassium may be formed by heating the 
metal in dried air which has been freed from carbon dioxide, 
but neither has been obtained in a pure state. At high 
temperatures the principal product is a colourless monoxide , 
K 2 0, corresponding with the salt-forming oxide, Na 2 0 ; hut 
at low temperatures the principal product is jjofassitnii 
peroxide , K0 2 , a yellow powder, which acts violently on 
water, potassium hydroxide, hydrogen peroxide (or water 
and oxygen), and oxygen being formed. 

Potassium hydroxide, KOH (caustic potash, p. 79), is 
prepared from potassium carbonate, or by the electrolysis of 
potassium chloride, under conditions similar to those already 
described in the <-ase of sodium hydroxide (p. 672). 

Potassium carbonate, TC 2 C0 3 (p. 276), may also bg 
obtained from tbe potassium chloride of the Stassfurth 
deposit by a method similar to the Leblanc process for 
the manufacture of sodium carbonate from sodium chloride. 
It differs from sodium carbonate in being deliquescent. 

* Clean pieces of potassium, about the sizo of a pea, should be UBed in 
this experiment, and the metal should not be handled ; as a rule, the 
experiment is freo from danger, but is most safely conducted and viewed 
from behind a glass screen. 
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Potassium iodide, KI, and potassium bromide, KBr, 

resemble tlie chloride (p. 1 50), and may be prepared by the 
methods already given (p. 433) ; they both crystallise in 
cubes, are readily soluble in water, and are much used in> 
photography and in medicine. • , 

Although nearly all potassium salts are soluble in water, 
a few of them arc so sparingly soluble that they may be 
obtained by precipitation ; of these, potassium hydrogen 
tartrate and potassium platinicliloride are often used in 
qualitative analysis. 

Potassium hydrogen tartrate, KC 4 H 5 O 0 (p. 282), is 
obtained as a crystalline precipitate when a not too dilute 
solution of a potassium salt is mixed with a cold, saturated 
solution of tartaric acid (or of sodium hydrogen tartrate, 
NaC 4 H 5 0 6 , a salt which is readily soluble in water), 

KC1 + C 4 H G ( > G = KCJL.Og + 1 1C1 
KC1 + NaQjlLpfl = KC 4 H fi 0 6 + NaCl. 

Unless the solutions are very concentrated the precipitate 
may not form until the inside surface of the vessel containing 
the mixture is rubbed (below the level of the liquid) with 
a glass rod, because potassium hydrogen tartrate is prone to 
form supersaturated solutions (p. 312). 

Potassium platinichloride, K 2 PtCl G , is obtained as a yellow 
crystalline precipitate when a solution of a potassium salt 
is added to a solution of ‘platinic chloride* (p. 712), 

2KC1 + H,PtCl fl = K 2 PtCl G + 2ITC1 

* k,so 4 + n 2 i»tci 6 = K,ptci 0 + h 2 so 4 . 

As in the case of potassium hydrogen tartrate, precipitation 
may not occur until the solution is disturbed in the above- 
described manner. Compounds corresponding with these 
two potassium salts, namely; ammonium hydrogen tartrate, 
(NH 4 )C 4 TTr/.) r ,, and ammonium platinichloride, (NH 4 ) 2 PtCl G , 
are precipitated from ^solutions of ammonium salts on the 
addition of tartaiic acid or platinic chloride respectively* 
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This fact should be borne in mind in testing for potassium 
compounds. 

The violet or lilac colouration imparted to a TJunsen-flame 
when a volatile potassium compound is heated in it also 
serves for the detection of such compounds. 

Other important potassium salts which have been described 
are the nitrate (p. 241), nitrite (p. 527), chlorate (p. 434), 
permanganate (p. 450), and dichromate (p. 504). 

Potassium cyanide, KCN, is a very important salt which 
may be obtained by strongly heating potassium ferrocyanide* 

K 4 Fe(CN) f> - 4KCN + FeC 2 + N r 

It is extremely poisonous, and is readily soluble in water ; 
it i§ used in the laboratory and on the large scale for many 
different purposes (pp. 662, 663, 708). 

Sodium and potassium (and the other alkali metals) differ 
from other metals in several important respects ; their normal 
carbonates, phosphates, and silicates are soluble in water ; 
their nitrates give nitrites when they are strongly heated, 
and not metallic oxides ; their carbonates and their hydroxides 
aTe not decomposed even at very high temperatures. 

Rubidium, Kb, and caesium, Cs, are two very rare elements, 
compounds of which occur in minute quantities in many 
mineral waters and in some plants. They were the first 
elements to be discovered with the aid of spectrum analysis 
(p. 687), and their names refer to the characteristic lines 
(red and blue respectively) of their spectra. 

In chemical properties these two elements are very similar 
to potassium ; in fact, the relationship between these three 
metals is probably closer even than that between the members 
of the calcium family. For this reason rubidium and caesium 
need not be described ; a general idea of tlieir properties will 
be given by the facts mentioned tbelow. 

* The cyanides are described elsewhere (6 fganic Chemistry , Perkin and 
Kipping ; W. k R. Chambers). 
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Relationship of the Alkali Metals. 

The five elements which are classed as the alkali metals 
show a very close relationship in their general characteristics, 
and are all' univalent. Their corresponding compounds are 1 
all very similar in properties, hut at the same time show the* 
usual gradation. Of the live elements which comprise this 
sub-family, lithium and sodium belong to short periods, and 
in consequence differ in some respects from the efthqr three 
metals. 

These statements summarise the conditions which obtain 
in this subfamily, and are based on facts such as the 
following : The five elements, arranged in the order of their 
increasing atomic weights, show a graded change in physical 
properties, as illustrated hy the data given later (p. 724); 
the physical properties of corresponding compounds also show 
a graded change. The elements resemble one another 
chemically in reacting vigorously with water, in forming 
strongly basic hydroxides, and in the various other important 
respects, mentioned under sodium and potassium (p. 079), 
in which they differ from other metals. 

Family I. of the periodic system includes the alkali metals 
and the copper sub-family, and it might perhaps be expected 
that the relation between these two sub-families would be 
of the same nature as between the two sub-families of 
Family IT. This, however, is not the case. The position 
of copper, silver, and gold (between the members of Family 
VIII. and those of the magnesium sub-family, see sheet facing 
the end of the index) precludes any close resemblance between 
them and the alkali metals, just as the position of manganese 
precludes tlie exhibition of analogy with the halogens. 

The only respect in which the two branches of Family I. 
resemble one another is in the formation of compounds in 
which the elements are univalent ; hut even between 
corresponding compounds of similar type there is practically 
no analogy except^tliat they are often isomorpbous. 
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CHAPTER LXI. 

The Helium or Argon Family. 

* In comparatively recent times two great advances have 
been made in the science of chemislry. One of these 
is the discovery of argon and the other members of the 
argon fafnily, the other the discovery of radium and the 
phenomena of radio-activity (p. 729). 

The history of the discovery of argon is full of interest. 
Even so long ago as 1784 certain observations of Caven- 
dish seemed to show that the atmosphere might contain 
linrtcognised gases ; these observations, however, were not 
followed up by him ; they completely failed to attract 
attention, and were in fact forgotten. About 1892 it was 
proved by Rayleigh that the density of gaseous nitrogen 
obtained from the atmosphere was very slightly greater than 
that of nitrogen prepared from ammonia, nitric oxide, or other 
nitrogen compounds. Thus a litre of most carefully purified 
atmospheric nitrogen weighed T2572 g. at N.T.P., whereas 
the same volume of purified gas prepared from a nitrogen 
compound weighed only 1*2521 g. Small though this differ- 
ence was, it could not be attributed to experimental error or 
to the presence of any known substance as impurity. Conse- 
quently it was concluded that atmospheric nitrogen contained 
some gas having a density greater than that of nitrogen. 
This conclusion led to further investigations by Rayleigh 
and Ramsay, and thus to the discovery of the element argon. 

Many processes have already been described (pp. 88-92) 
by means of which oxygen may be abstracted from the atmo- 
sphere ; it has also been shown that nitrogen is absorbed by 
strongly heated magnesium (p. $17). One of the methods 
by which argon and the other inert gases were first ob- 
tained from the atmosphere consisted in removing the oxygen, 
by passing the air over heated copper, aijd then absorbing 
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the nitrogen with strongly heated magnesiftm. Another 
method was to * spark 9 air with oxygen in presence of potas- 
sium hydroxide solution until (most or) the whole of the 
nitrogen had been converted into the tetroxide (p. 247) o$ 
dioxide (p. 350),* and then to absorb the remaining oxygen f 
(and nitrogen) by the processes just mentioned. 

In either case there remains a very small proportion (about 
1 per cent., p. 95) of the original volume of air, and this 
residue is not chemically changed by any known substance ; 
to this residual, colourless gas the name argon was given. 

Further investigation by Iiamsay showed that this residue 
contained about 1 per cent, of a mixture of four other gases ; 
one of these proved to be identical with an element, helium, 
which, with the aid of spectrum analysis (p. 685), h$d been 
detected by Frankland and Lockyer (in 1868) in the sun’s 
atmosphere, and which therefore had been discovered by 
them some thirty years before its existence in the earth’s 
atmosphere was proved ; f the others were named neon (Ne), 
krypton (Kr), and xenon (X), respectively. 

As all these gases are absolutely inert, and so far as is 
known are incapable of forming any compounds, their separa- 
tion had to be accomplished entirely by physical methods ; for 
this purpose fractional distillation (p. 32) was employed. 

When any ordinary gas (as distinguished from a perfect 
gas, footnote, p. 163) is allowed to expand, its temperature 
is usually lowered to some extent because of the work done 
in overcoming the cohesion of its molecules. Further, if a 
compressed gas is allowed to escape continuously from a small 
aperture into the air, the gas is continuously cooled, because 
* As the concentration of the nitrogen tetroxide remains inappreciable 
owing to the immediate absorption of the gas by the alkaline solution, the 
reversible reactions previously described (p. 299) proceed in the direction 
giving the oxide until practically the whole of the nitrogen is removed. 

t Helium was first obtained by Ciamsay from certain rare minerals such 
aB cleveite and uranite, in which it is produced by the disintegration of 
radio-active elements (p. 73$, It also occurs in extremely minute quanti- 
ties in certain mineral waters. Helium is the only gas which has not yet 
been solidified. * 
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ol* the work done against the atmospheric pressure ; thus on 
the tap of a cylinder which contains highly compressed carbon 
dioxide being opened widely the cooling effect is so. great that 
some of the gas is frozen to a colourless crystalline solid, which 
may be collected in a cloth loosely wrapped round the tap. 

Now, if a metal tube (a, fig. 116) containing a highly 
compressed gas is surrounded by a larger tube (6), and the 
expanded. and cooled gas- escaping from the 
outlet (c) is caused to pass back again 
around the narrower tube (a), the com- 
pressed gas in the latter is cooled before 
it expands, and when it expands its tem- 
perature is further lowered. I>y continuing 
the process, the temperature of the gas at the 
moment of its expansion may be reduced to 
sucli an extent that part of the gas liquefies 
as it escapes from the nozzle (c), and collects 
in the chamber (d). 

This is the principle of the process now 
used for obtaining liquid ‘air ’ with the aid of 
apparatus devised by Linde and by Hampson. 

In these ‘ machines, * instead of the straight 
tubes shown above, the two streams of air are brought into 
much more intimate contact in spirally arranged tubes many 
feet in length. The compressed air escapes under a pressure 
of 150-200 atmospheres, while the pressure of the expanded 
gas is maintained at one atmosphere. 

Vessels in which liquid air and other liquids of very low* 
boiling-point may be kept for a considerable time un(}er 
atmospheric pressure were devised by Dewar, who in com- 
paratively recent times has succeeded in liquefying hydrogen 
in large quantities.* They consist of double -walled glass 

* For measuring the low temperatures reached in such experiments 
ordinary thermometers are of course useless, tend a platinum resistance 
thermometer is employed. The resistance offered by platinum to the* passage ' 
of an electric current varies regularly with the temperature of the metal. 

• 

i 



Fig. 116. 
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bulbs (fig. 117), the space between the walls being com- 
pletely exhausted so that heat cannot be conducted from the 
outside air to the liquid; in some bulbs the surfaces of the 
vessels are silvered in order that they may reflect radiant 
heat. 


For the isolation of the inert gases of the atmosphere fractional 
listillation maybe applied either to liquid ‘air* or to the crude 
‘ argon * which is obtained from the atmosphere 
by the methods just, described. • 

Liquid ‘air* varies in coni]>osition. Since 
nitrogen (b.p. -194°) is more volatile than oxy- 
gen (b.p. - 182-5°), the liquid ‘air* contains 
a larger proportion (about 55 per cent.) of 
oxygen, while the gas which escapes liquefaction 
contains a larger proportion of nitrogen (and of 
helium and neon), than does the atrtiosphere. 
This less easily condensed portion may first 
he freed fioin nitrogen by chemical methods 
and then cooled with liquid hydrogen ; neon 
(b.p. -238°) is thus liquefied, while helium 
(b.p. -207° ?) remains in a gaseous state and 
may he pumped off. 

The more easily condensed portion, or liquid * air,* when allowed 
to evaporate slowly in a Dewar flask, first loses almost pure 
nitrogen. After some time the residue consists almost entirely 
of oxygen (and in this way oxygen may he prepared from the 
atmosphere for commercial purposes) ; but when this liquid is 
slowly evaporated, it finally affords, in older, argon (b.p. - 186°), 
krypton (b.p. -152°), and xenon (b.p. -109°). Each of these pro- 
ducts is purified by repeated fractional distillation. 

In the case of crude argon, this may he liquefied by cooling it 
with liquid ‘air,’ and then fractionally distilled; the dissolved 
helium and neon escape first, while the krypton and xenon remain 
in«the last fractions. 



Fig. 117. 


The five gases named above seem to be incapable of under- 
going chemical change no matter under what conditions they 
are placed. Obviously in # these circumstances their atomic 
weights cannot be determined by the method previously 
described, which is 4o find the smallest quantity of the 
element which ij contained in the gram-molecule of any of 
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its compounds # (pp. 195-198). The molecular weights of the 
elements may, of course, be obtained directly from their 
densities in the usual manner ; but in order to ascertain their 
atomic weights it is further necessary to know the .number of 
atoms in their molecules. 

• Now the molecular heat of a gas under constant volume is 
the amount of heat required to raise the temperature of 22’4 
litres of the gas (measured at N.T.P.) through 1°. In the 
case of a perfect gas (footnote, p. 163 ) this value can be calcu- 
lated, and is found to be 3 calories ; but with most gases more 
than 3 calories are required, because of the heat absorbed in 
doing work within the molecules of the gas. The heat 
expended in doing this work depends on the molecular com- 
plexity of thogas; in monatomic gases (p. 383 ) it is nil — that 
is to say, the molecular heat of a monatomic vapour such as 
mercury (p. 630 ) is 3 calories ; in diatomic gases the molecu- 
lar heat is about 5, in triatomie gases about 7-5, calories, 
and so on. Consequently, if the molecular heat of a gas can 
be determined the atomicity of the molecule (the number of 
atoms in the molecule) is known. 

As it has been found that the molecular heat of argon and 
of the other gases of this family is approximately 3 calories,* 
it follows that these gases are monatomic ; consequently their 
atomic weights are identical with their molecular weights. 

Spectrum Analysis. 

The inert gases described above, as will be obvious from 
their properties, cannot he distinguished or identified by 
chemical tests, and yet it is possible to recognise witn 
certainty a quantity of any one of them which is far* too 
small to be measured ; this is accomplished with the aid 
of spectrum analysis . 

* The molecular heat was determined from a measurement of the 
velocity of sound in the gas — that is to say, by Kundt’s method (described 

in text-books on physics) of determining the Aitio ^ of a gas. ^ 
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When white light from an incandescent solid such as 
platinum, or quicklime (p. 134), or carbon (p. 133), is passed 
through a prism and undergoes diaper# ion, there results a 
continuous spectrum ; that is to say, light of all wave-lengths 
between those of the visible violet and the visible red ray? 
is seen in the spectrum (Plate I.). When, however, the light, 
from a glowing gas or vapour is examined in this way the 
resulting spectrum is discontinuous , and consists either of a 
number of lines ( line-spectrum ) or of a number of bands 
(bawl-spectrum) according to the nature and temperature of 
the incandescent substance. If, for example, a little sodium 
chloride is introduced into the (non-luniinous) Bunsen-flame, 
and the light from the flame is examined with a spectroscope , 
there is no continuous spectrum to be seen, but only a single 
bright-yellow line (Plate I.), which occupies the same position in 
the spectrum as would the yellow light of this particular wave- 
length, had the spectrum been that of an incandescent solid ; 
this yellow line is given by all sodium compounds.* Simi- 
larly, when potassium chloride is introduced into a Bunsen-flame 
and the light is examined with a spectroscope, the spectrum 
is seen to consist of two lines, one bright red and the other 
blue (Plate I.), which occupy respectively the same positions 
as light of the same wave-lengths in a continuous spectrum ; 
these two lines are given by all potassium compounds.* 

Now, every element gives a characteristic spectrum by moans 
of which it can be identified ; moreover, the quantity of any 
element required to give a spectrum is extremely small. 
Hence the spectroscope affords a means of identifying with 
absolute certainty quantities of matter which are so minute 
that they are not weighable even on the most delicate 
balance ; in the case of some elements it is thus possible to 
identify 10~ 6 to 10" 9 gram. 

* The spectrum of the gas chlorine is so faint that it is bately 
visible under these conditions. Vrth extremely delicate spectroscopes, 
in the place of the single sodium line, two Hues are seeu very close, 
together. 
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Spectrum analysis was first brought into use in 1859 by 
Bunsen and Kirchhoff, and almost immediately afterwards 
(in 1860) the great value of this new method was strikingly 
demonstrated by the discovery witli its aid of the two 
elements, rubidium and caesium (Plate 1.); since that time 
.many other elements have been discovered with the aid of 
the spectroscope. 

The spectrum Of a compound shows the lines of the 
elements of which it is composed provided that the compound 
is sufficiently heated, and is thus decomposed into its con- 
stituent elements; similarly, a mixture of elements or of 
compounds shows the characteristic lines of each of the 
elements present. If, for example, a mixture of, say, sodium 
and potassium chlorides is heated in a 1> unsen-flame, the 
intense yellow colouration produced by the sodium may com- 
pletely mask the violet colouration given by the potassium 
when the flame is examined with the naked eye ; when, how- 
ever, the spectroscope is employed the characteristic lines of 
both metals are distinctly observed. 

Instead of some of the substance being simply heated on 
the end of a platinum wire in a Bunsen-ilame, electric sparks 
may be passed between two platinum wires the ends of which 
have been dipped into the substance, or between two carbon 



Fig. 118. 


rods which have been impregnated with the substance ; in the 
case of metals, sparks may be passed between two wirCs of 
the metal. 

The spectra of gases are obtained with the aid of Geissler 
or Pfliicker .tubes (fig. 118). % The tube is provided with 
platinum terminals (a, a) and contains the gas under a very low 
pressure. On the terminals (a, a) being connected with those 
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of an induction coil, and a discharge being passed, tlie whole 
tube glows, and the emitted light (best that from the very 
narrow middle portion of the tube) may be examined with 
the spectroscope. 

It was in this way that the inert gases of the atmosphere 
were proved to be new substances, and their spectra bfeing now 
known, they may be detected and identified with absolute 
certainty by spectrum analysis. 

When light from an incandescent solid is passed through 
a transparent solid, liquid, or solution, some of the light- 
waves are absorbed ; the transmitted light does not give 
a continuous spectrum, but one which is broken by dark 
spaces, and the positions and breadths of these dark spaces 
depend on (a) the nature of the substance examined, (ft) the 
thickness of the layer through which the light has •passed. 
Spectra thus obtained are called absorption spectra ; they are 
often highly characteristic, and may then serve for purposes 
of identification. 

The light from tho sun, when examined with a delicate 
spectroscope, gives a spectrum in which appear a very large 
number of dark lines; these were first noticed by Fraunhofer, 
and are known as Fraunhofer’s lines. A great many of these 
dark lines occupy positions in the spectrum which correspond 
with those of the brujht lines given by some of the common 
elements (Plate I.). This fact is explained as follows : When 
white light is passed through a vapour or a gas which is at 
a lower temperature than the incandescent source of light, 
this vapour or gas absorbs those waves which it itself gives 
oj»fc when it is incandescent. Tho sun is an incandescent 
mass surrounded by gases and vapours which, lieing at a lower 
temperature than the sun, absorb certain waves ; as many of 
the waves which are thus absorbed are identical with those 
given out by incandescent terrestrial elements, it must be 
concluded that many of thes*, elements are contained in the 
sun. 

Spectrum analysis, therefore, renders it possible to identify 



IRON. NICKEL, COHALT, AND RELATED METALS. 689 


% > 

the constituents of heavenly bodies ; by this means it has 
been found, not oidy that many (more than thirty -four) of 
the terrestrial elements are contained in the sun, but that 
many of them are also present in the stars. 


CHAPTER LXII. 

Iron, Nickel, Cobalt, and Related Metals. 

Iron, nickel, and cobalt do not form a natural family 
comparable to those already studied, and their relationship 
to one another and to the other metals described in this 
chaf>tej may be left for later consideration (p. 709). It will 
be sufficient to point out here that although iron, nickel, and 
cohalt all form very similar compounds, in which the elemonts 
are bivalent, these compounds cannot be regarded as typical, 
and in some respects iron is more closely related to manganese 
and even to chromium than to nickel and cobalt. One 
note worthy resemblance between iron, nickel, and cobalt is 
that they arc all attracted by a magnet. 

Ikon, Fe ; At. Wt. 55-8. 

Iron, the most important of all metals, is rarely found in 
a free state except in the form of meteoric iron , which, in small 
particles constantly and in large masses occasionally, reaches 
the earth from the world beyond.* 

The principal compounds from which the metal is extractefl 
are the oxides, Fe.,0 3 and Fe 3 0 4 , and the carbonate, FeCG 3 , 
which occur in vast quantities in many parts of the world, 
often in close proximity to the coal-measures. 

Of the more important ores, the following may he men- 

* Some masses of meteoric iron weigh as much as twenty tons. Meteor- 
ites always contain nickel in considerable quan^ties ; cobalt, copper, carbon, 
and matiy other elements are also often present in small quantities. 

liiurx. 2 E 
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tioned : * ml haanafite (a brown earthy mass), opera !ar iron 
ore (a gray crystalline mineral), ami kidney ore (brown ish-ivd 
nodules), which are varieties of ferric oxide, Fe 2 () 3 ; brown 
hamatite (a dark reddish-brown mineral), yellow ochre, and 
hotj iron ore, which consist of a hydrated ferric oxide* 
Fo 2 0 3 , 2Fc(()U) 3 ; magnetite, magnetic iron ore, or lodentone, 
a black, often crystalline mineral of a high degree of purity, 
consisting of Fe 3 (> 4 ; Hitlerite, or s] talkie iron ore, a yellowish- 
brown crystalline mineral (when mixed with clay it \s known 
as day ironstone, and when in addition it contains coal it is 
known as hfaekband iromtone). These spathic ores all con- 
tain ferrous carbonate, FeC0 3 , mixed with variable quantities 
of the carbonates of manganese, calcium, and magnesium. 

Small quantities of combined iron arc contained in all 
plants and animals, to the life ol which iron is essential ; 
chlorophyll (j). 139), for example, and haminglobin (the 
coloured matter of the blood), contain iron compounds. Many 
natural waters contain a little ferrous carbonate in solution 
(chalybeate waters) ; such witters give a red deposit of 
hydrated ferric oxide on exposure to the air. 

The Manufacture of Cast-Iron or Pig-Iron . — Ferrous 
carbonate is converted into ferrous oxide at relatively low 
temperatures. This compound and the higher oxides of iron 
are easily reduced to the metal when they arc heated in a 
stream of carbon monoxide (p. 288). Those reactions are 
made use of in the extraction of iron from its ores; but many 
other changes occur during this operation, and the crude 
product is highly impure. The reason of this is that the 
(ires contain earthy matter (silica, clay, limestone, &c.), and 
in prder to separate the metal, after it lias been formed by 
the reduction of its oxides, it is necessary to melt not only 
the iron, but also the whole of the. earthy matter witli which 

* Tron pyrites (p. 221), aK)ioU'*li abundant, is not usually clashed as an 
iron ore, and is chiefly employed a. :i source of sulphur dioxidt- ; the ferric 
oxide winch remains when pyrites is roasted cannot be used for the manu- 
facture of Iron by the ordinary methods, o wing to the combined sulphur 
which it tetania. 
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the metal is # mixed. For this purpose a flux (p. 585) must 
usually be added, and oven then a very high temperature is 
required. At this high temperature the molten iron dissolves 
or combines with carhon from the fuel, and with silicon, 
phosphorus, .and sulphur which are formed by the reduction 
» of the Silicates, phosphates, and sulphates present in the ores. 
These elements, together with more or less manganese (formed 
by the reduction of manganese compounds, which are nearly 
always present), are all' contained in the crude iron (pig- 
iron), and together form some (5-10 per cent, of the product. 

The smelting of iron ores is carried out in a hlast-furna.ee 
(fig. 119). This furnace, which is often about 80 feet in 
height and about 20 feet in greatest internal diameter, is 
constructed of firebrick, strengthened by sheet-iron or steel. 
It is completely idled with the furnace charge, a mixture of 
iron ore, coke (or coal), and flux in suitable proportions ; and 
when once started it is worked continuously, perhaps during 
several years. The materials are introduced at the top, and 
by means of the counterpoised cover (a) the furnace is kept 
closed, so that the furnace gas which escapes through the 
pipe ( h ) may be collected and utilised. Near the hearth 
or bottom of the furnace a number of blowpipes or twyers, 
concentrically arranged, pass from the annular pipe (c) 
through the walls, and supply a powerful blast of heated air 
for the combustion of the fuel. At the very high tempera- 
ture which is reached here the iron is completely melted, 
as is also the earthy matter, assisted by the flux. The 
molten iron collects at the bottom of the furnace, and by 
removing a clay plug it is run off from time to tinft 
into channels formed in sand. The melted slag collect# at 
the surface of the molten iron in the furnace, and flows away 
continuously through an opening (not shown in the fig.) 
some distance above the bottom of the hearth. 

The principal chemical changes which occur in the process 
are as follows Near the bottom of t^o furnace the coke in 
the charge burns to carbon dioxide in tim bcatod Air-blast, 
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hut this gas is soon reduced to carbon monoxide as it rises 



Fig. 119. 


v 

through" the red-ljot coke. 


High up in the furnace, where 
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the temperature is very much lower, the oxides of iron are 
reduced by the carbon monoxide (p. 288), and farther down 
the oxides of manganese likewise undergo reduction. The 
mixture of finely divided iron, earthy matter, fyel, and flux 
slowly falls, until it reaches the region of high, temperature 
near tfle twyers ; here, as already mentioned, the iron melts 
and takes up carbon, silicon, phosphorus, sulphur, and man- 
ganese, while the earthy matter and the flux react to form 
a fusible slag. 

The products of the blast-furnace are crude iron (cast-iron 
or pig-iron), slag, and furnace gas. 

Cast-iron or pig-iron varies considerably in composition and 
in properties. Some varieties ( white cast-iron) show a very 
lifjjit-gray, fine-grained structure, and look homogeneous ; 
other* {(/raif cast-iron) show a much darker, coarse-grained 
structure, and look heterogeneous and distinctly crystalline in 
parts. Intermediate varieties ( mottled cast-iron) arc also 
obtained, and in fact the different qualities grade into one 
another almost insensibly. The difference in properties 
depends essentially on the form in which the carbon is 
present in the iron. In white cast-iron most of the carbon 
is combined with the metal, forming iron carbide, whereas 
in gray cast-iron most of the carbon is present as free 
graphite ; in mottled cast-iron the carbon is partly combined 
and partly free. Spiegel risen is a lustrous crystalline cast-iron 
which contains 5-20 per cent, of manganese and also a large 
proportion of carbon. Ferromanganese contains about 30 per 
cent, of manganese and 5-7*5 per cent, of carbon. 

The composition of typical samples of white, mottled, and 
gray cast-iron is indicated helow : ^ 



White. 

Mottled. 

Gray. 

Combined carbon . 

. 217 

1-66 

0*94 

Free carbon . 

. 0*50 

1-50 

268 

Silicon. . 

. Of 8 

0*52 

0*94 

Manganese . 

. 0*23 

1*53 

1*21 

Phosphorus . 

. 1*37 

0-63 

0*65 

Sulphur 

. 001 

003 

•001 
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White iron is obtained when the crude metal is Rapidly cooled ; 
it melts at about 1200’ to a pasty mass, which contracts as it 
solidities, and, consequently, is not suitable for making castings. 
When treated with diluted nitric acid it leaves very little residue 
of (free) carbo'n, because the combined carbon — that is to say, tluj 
iron carbide — is attacked by the acid, giving iron nitrate, and soluble 
carbon compounds which colour the solution dark brown. 

Gray iron is obtained wlien the crude metal is slowly cooled ; it 
melts at about 1150°, giving a fluid mass which expands as it 
solidities, ami, consequently, is suitable for making castings. When 
treated with diluted nitric acid it gives a considerable residue of 
(free) carbon or graphite, and the solution is only slightly coloured 
by compounds formed from the small quantity of combined carbon 
which was present. 

The slag from a blast-furnace consists essentially of a 
mixture of silicates of aluminium and calcium, but majf a?so 
contain manganese silicate and a little ferrous silicate. The 
flux used to produce this slag depends on the nature of the 
earthy matter in the ore. Thus, when the, ores coutaiu sand 
only, limestone and clay must be added in order to get a 
mixture of calcium and aluminium silicates, which melts at 
a lower temperature than that at which either of its com- 
ponents, or sand alone, would liquefy. 

Slags are utilised in road-making and as ballast on railroads, or 
they are granulated by running them (while melted) into water, 
and then mixed with lime and made into * 1 nicks * or into building 
cementB. Slag-wool, a fibrous, asbestos-like material, is made by 
blowing a powerful jet of steam on a stream of the molten slag. 
It is used as a packing for steam -pipes, <&c. 

Furnace gas consists principally of a mixture of nitrogen (about 
57), carbon monoxide (about 27), and carbon dioxide (about l(i per 
ceftt. by volume) and is combustible. Tt is utilised in beating the 
air-blast, in raising steam, and in working gas-engines. It is not 
possible to utilise the whole of the carbon monoxide in the furnace 
for the reduction of the oxides of iron, as the reaction, 

FeaOg + 300 = 2Fe + 3C0 2 , 

is reversible, and therefore a condition of equilibrium it attained. 
The object of heating the air supplied to the twyers is to lessen 
the consumption of fuel it the furnace and to obtain a higher 
temperature. The ai|- is heated by passing it through chambers 
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[Cow per or lVhittnc.il stones) containing brickwork, which is heated 
with the aid oi I.I 10 furnace gas. 

One large furnace will produce about 200 tons of pig-iron per 
day. The quantity made in Great. Britain alone in 1907 amounted 
to more than 10 million tons. 

• Malleable iron. — Cast-iron, the product, of the blast-furnace, 

although very hard, is extremely brittle, and cannot be used 
directly for engineering purposes except for making castings 
which d© not need to be very strong ; for all other purposes 
the cast- iron must be purified. 

Now tho physical properties of the products prepared from 
cast-iron depend to an extraordinary extent on the nature and 
proportion of the ‘impurities’ which are left in the iron. 

Jf these impurities are almost entirely eliminated there 
result# a product which contains, say, 99*5 per cent, of 
iron and less than about 0 3 per cent, of carbon, and which 
is known as malleable- or irmiu/hf-inm ; if, however, a larger 
proportion, say 0*5-1 5 per cent., of carbon is purposely left in 
the material, the product is then known as sled. These two 
varieties of ‘iron 7 pass into one another by insensible grada- 
tions according to the amount of carbon present. ; but between 
extreme varieties there is a vast difference in properties, as 
will he described later. 

For the preparation of malleable iron, the least impure 
variety of the metal which is manufactured, it is necessary 
to get rid of the impurities as far as is possible. For this 
purpose cast-iron, usually the white variety, is melted in 
a furnace and the impurities are oxidised. Oxidation is 
accomplished with atmospheric oxygen, and »lso by liniftg 
tho furnace bed with a layer of oxide of iron, or by adding 
oxide of iron to the molten pig-iron. In either case the oxide of 
iron is reduced and tin 1 - carbon in the pig-iron is oxidised to 
carbon monoxide, while some of the silicon and phosphorus 
are also oxidised to silica and phosphorus pentoxide respec- 
tively, which combine with ferroua oxide to form a fusible* 
slag. 
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In the puddling process the pig-iron is melted in q, reverberatory 
furnace (p. .587), and is constantly stined by hand or by machinery. 
The escape of the carbonic oxide causes the appearance of boiling ; 
hence the process is often called pig-hoi l ivy. As the carbon and 
other impurities are removed the melting-point of the product rises, » 
and ultimately the malleable iron becomes still' enough to be formed 
into balls or blooms. These are pressed under a steam hammer to • 
free them from slag, and aie then cut and rolled into bars. The 
bars are reheated, welded together, and again cut and rolled. As a 
result of these operations, repeated several times, the bars acquire 
a fibrous structure, and the material is then known as vrrohghi -iron. 

In the Siemens-Martin piocess the pig-iron is heated with iron 
ores and scrap-iron in furnaces fed by gaseous fuel ; when the pig- 
iron is rich in phosphorus the hearth is lined with dolomite, because 
the basic oxides contained in this material combine with the 
phosphorus pentoxide. Unless such a lining is used, pig-iron 
which contains much phosphorus cannot be employed for fthe 
preparation of malleable iron, as this impurity is not eliminated 
in the ordinary puddling process. 

The quantity of impurity in two samples of malleable- or 
wrought-i ron is indicated by the. following figures : 

C=0*14, Si =0*04, P-r-o-07, Mn=0*37, S- 0 08 per cent. 

0=0-15, Si = 0*14, P = 0*2I, Mn=014, S = 004 per cent. 

Steel. — For the manufacture of steel various methods are 
used. In some of these practically the whole of the carbon 
and other impurities are removed from pig-iron, and to the 
malleable iron thus obtained iron rich in carbon is then 
added, in quantities sufficient to convert the whole into steel. 

The Bessemer process is based primarily on the fact that 
when air is blown through a mass of molten pig-iron the 
heat generated by the oxidation of the silicon, manganese, 
carbon, and some of the iron, is sufficient to keep the whole 
massjiquid until the impurities are eliminated. 

The operation is carried out in a large converter (fig. 120), 
which takes a charge of 15-18 tons. The converter is made 
of sheet-iron, heavily lined on the inside with a firc-resisti ng 
layer of a siliceous earth (ganister). From the pipe («), 
*air at high pressure (18-^0 lbs. per sq. in.) can be forced into 
the chamber (/>), from which it passes through a number of 



IRON, NICKEL, COBALT, AND RELATED METALS. 697 


channels (c, f) in the lining of the bottom of the converter. 
The converter is mounted on trunnions, and by means of 
suitable machinery, it may be rotated about its horizontal axis 
through an angle of about 1 80°. 

The converter, having been thoroughly heated, is placed 
• in a nearly horizontal position, and the charge of cast-iron, 
previously melted in a small furnace, is run in. The con- 
verter is then rotated until it is vertical, and at the same time 
the air-blast is started. At iirst the silicon and manganese 



Fig. 120. 


and a little iron begin to oxidise, but after some four minutes 
the carbon begins to. burn, and a flame of carbonic oxide soon 
appears at the mouth of the converter, the oxide of iron 
which has been formed undergoing reduction ; after the lapse 
of a further fourteen to sixteen minutes the flame suddenfy 
dies down, and the converter then contains malleable iron. 

In order trt transform this product into steel, the converter 
is again turned on its side and a suitable proportion (say 10 
per cent.) of spiogoleisen or ferromanganese (rich in carbon, 
p. 69.3) is added ; the contents of the converter arc then 
mixed by starting the air-blast for a, moment, and the steel 
thus formed is cast into moulds. 


698 IKON, NICKEL, COHALT, AND RELATED METALS. 


When the Bessemer process was first invented (in 1856), 
pig-iron containing phosphorus could not. be used for the 
manufacture of lies. seiner steel, as this impurity was not 
removed. This great difficulty was overcome (in 1880) by f 
Thomas and liilchrist, who employed a basic, lining (dolomite) 
for the converter, instead of tin* acid living (ganister) which • 
had been used up to that time, and also added some lime to 
the contents of the converter. Phosphorus pentoxide unites 
with the basic oxides of calcium and magnesium in the dolo- 
mite, and with this lining it is actually advantageous to 
employ pig-iron which is rich in phosphorus, as the whole 
of the phosphorus is obtained iy the form of a phosphate 
(Thomas slag, basic slag) which is valuable as a manure. 

The following analyses show (i.) the composition of the pig- 
iron, (n.) that of the converter contents before, the addition 
of the spiegeleisen, (in.) that of the spiegeleisen, and (iv.) 
that of the finished Bessemer steel (an acid lining being used) ; 
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I. . 

. 310 

0-98 

0 06 
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010 
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III. . 

. 4*64 
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IV. . 

. 0 45 

0*04 
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.| The cementation process for the manufacture of steel depends on 
the fact that when bins of wrought -iron (p. G96]L.are embedded in 
powdered charcoal in air tight chambers which are strongly heated, 
the iron becomes impregnated with caihon, and in the course of 
some seven to ten days is converted into steel. This product, called 
blister -steel, on account of the ‘blisters’ which form at the surface 
of the bars, is melted in graphite crucibles and then cast into 
lftoulds. Though the cementation process is a very slow one in 
comparison with the Bessemer piocess, it affords steel of high 
quality, which is used principally for the manufacture of tools and 
cutlery. 

Malleable iron may he transformed superficially into steel by 
heating it for a short time in powdered charcoal ; thin process is 
used for small tools, &c., and i# termed case-hardening. 

The open-hearth process for the manufacture of steel is much the 
salne as the Siemens- Martin process for the manufacture of malle- 
able iron ; the prod|ct is tested from time to time, and the opera- 



IRON, NICKEL, COBALT, AND RELATED METALS. 699 

lion is stopped when sufficient carbon to give stool still remains in 
tliciion. The material Unis produced is very similar to malleable 
iron, and generally contains less than 0*5 per cent, of carbon. 

The Properties ok Malleable Iron anb Steel. 

> The "essential difference in composition between malleable 
iron and steel is that the, latter contains the more carbon ; in 
malleable iron the quantity of carbon is generally below, 
say, 0*3«per cent., while in steel it is generally above, say, 0‘4 
per cent., and may reach as much as 1*0 or more. Hence 
samples of iron containing from about 0*3 to about 0*4 per 
cent, of carbon may be classed as malleable iron, or as mild, 
low-carbon^ or nmllmbh steel. 

^lalleable iron, as its name implies, may be rolled or 
hammered when it is hot, and may 1 m* drawn into wire ; it 
may also be welded— that is to sav, two red-hot pieces may 
be worked together to form a homogeneous whole. Malleable 
iron is relatively soft and non-elastic, hut. is tough. It is 
easily magnetised, hut it soon loses its magnetism again. 
Sulphur or phosphorus make malleable iron brittle when hot 
(red-short) or when cold (cold-short) respectively. # 

Tho properties of malleable iron do not undergo any change 
when the metal is made red-hot and then suddenly or slowly 
cooled. 

Steel is much harder than malleable iron, and except in 
the case of low-carlxm steels cannot be worked so easily as 
malleable iron, nor can it be welded. Its tenacity or tensile 
strength is much greater than that of malleable iron. It 
not easily magnetised, hut it. does not lose its magnetism 
again readily. Sulphur and phosphorus affect it as they do 
malleable iroA. 

The properties of steel arc completely changed when the 
metal is heatqd above 770° ai^cl then suddenly cooled by 
plunging it into water; it becomes very much harder, and 
much more brittle. This process of fronting steel is known 
as hardening. Steel which has been hardened, if heated to 
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220-300° and then allowed to cool, becomes softer and 
tougher, and the extent to which the hardened steel is 
changed depends on the temperature to which it is heated ; 
this process ‘of treating hardened steel is known as tempering. f 

l»y combining these processes, steel of almost any desired 
hardness, elasticity, &»*., can he obtained, and thus a given* 
material may he rendered suitable for a great variety of very 
different purposes. 

These changes may he shown by heating a portion of 1 a watch- 
spring (tempered steel) to a red-heat in a Tin nsen -burner, and then 
suddenly plunging it into cold water or mercury ; the steel is then 
so brittle that it is easily broken into small pieces between the 
thumb and lingers, and so hard that it will scratch glass. Tf now 
this hardened steel is heated in a metal- bath at about 260° and then 
allowed to cool, it becomes tough and much softer. A pie<$ of 
malleable- or wrought-iron wire treated in a similar manner Remains 
unchanged. 

A great many varieties of steel, containing nickel, man- 
ganese, chromium, or other elements, are now manufactured ; 
each of these has certain properties which render it especially 
suitable for some particular purpose. 

Some^ or the whole, of the carbon contained in steel is 
present in a combined form, probably as carbide of iron , 
Fe 3 C. Various views have been advanced to account for the 
great variation in properties of different qualities of steel and 
of identical qualities of steel which have been differently 
treated. 

Pure iron is capable of existing in three allotropic forms 
which are converted one into the other at certain temperatures. 
'These modifications differ in crystalline form and in other 
physical properties (hardness, tenacity, elasticity, &c.), and 
also in the readiness with which they dissolve citrhido of iron. 

a- Ferrite, which exists below about 770°, is soft and 
magnetic, and only a very goor solvent for carbide of iron. 
f3- Ferrite, which exists from about 770 to 890°, is hard and 
non-magnetic. y -Fcrrjfe, which exists from above 890°, is 
aI*»o non-magneti" 
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According^to one explanation of the behaviour of steel, the 
unburdened, metal, which consists of a-ferrite, changes at 
about 770° into the /2-form ; if now this is suddenly cooled, 
it does not pass back again into the soft a-form, owing to the 
presence of the carbide of iron, but if very little of the latter 
is present the soft a-form is reproduced. 

Another explanation of the behaviour of steel is as follows : - 
The maximum quantity of carbon which can be taken up 
by puro molten iron is 4*8 per cent. ; on cooling, some of the 
carbon separates as graphite until a eutectic (p. 315), con- 
taining 4*3 per cent, of carbon and melting at 1130°, is 
formed. After this eutectic has solidilied a further quantity 
of graphite separates, leaving an alloy or solid solution of 
irqn and iron carbide, containing 2 per cent, of carbon, 
and known as martensite. On this alloy cooling to about 
1000°, the martensite begins to change into a hetero- 
geneous mixture of cementite (67 per cent, of carbon) or 1 
carbide of iron, Fe 3 C, and an alloy or solid solution of iron 
and cementite, which contains only 0*85 per cent, of carbon, 
but which is still known as martensite (or sorbite). From 
about 690° the rest of the martensite (or sorbite) begins to 
change into cementite, and the material iinally consists of a 
soft, heterogeneous mass of cementite and pure iron (ferrite).. 
When the steel is suddenly cooled, the martensite, which 
forms the red-hot material, does not pass into cementite and 
ferrite, but remains -in a metastable condition (p. 313); by 
reheating to atxmt 220-300° some of the martensite under 
goes change and the steel is tempered. 

» 

Pure Iron and its Properties. 

* 

Pure iroh is seldom met with, but naay be obtained by 
reducing pure ferric oxide with pure hydrogen at about 600°.* 

* When reduction takes place at a low temperature the product is 
pyrophoric ; that is to say, it glows %n exposure to the air (especially if 
warm),- and is converted into oxide. , 

Far rum redaction is a variable mixture if iron and iron oxide used in 
pharmacy. * 
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In the massive state it is silvery white ami soft? 1ms a sp. gr. 
7 '78, and limits at about 1000 ’. 

iron is not appreciably attacked by dry air or by pure 
water, but it rapidly rusts under ordinary conditions ; this 
appears to be due to the action of carbonic acid, which 
attacks iron readily, 

Fe + H a C< =- FeC( ) ;| + H 2 . 

The ferrous carbonate thus formed is very unstable, and in 
aqueous solution it undergoes hydrolysis and oxidation, giving 
ferric hydroxide. The rusting of iron is prevented hy coating 
the metal with tin (p. £>88), zinc (p. G25), or nickel (p. 700) ; 
also hy painting or varnishing it. 

Iron which has hoen dipped in nihic acid of sp. gi. 1 -4, <>r # in 
certain otlici solutions, and then washed Mil.li water, fc not 
attacked by nil lie acid, and is said to he pussier; a similar 
behavioui is shown by ceiiain other metals, but a satisfactory 
explanation of these facts is still m anting. 

Iron forms two basic oxides, ferrous aside, Fed, and ferric 
oxide, Fo 2 0 ; „ from (*ach of which a series of corresponding 
salts is obtained. The hind; oxide, Fe. a () 4 , which occurs in 
nature, and wliich is formed when iron is heated in the air 
(smithy scale), or in steam, is not a basic oxide ; when treated 
with acids it gives a mixture of a ferrous and a ferric salt, 
and thus behaves as if it were a compound of Fe() and F e.f ) 3 . 

Ferrous Compounds. 

Most of the ferrous salts may he directly obtained by 
treating iron with the required acid ; but, owing to the readi- 
ness with which these salts undergo oxidation, care must he 
taken to exclude atmospheric oxygen, especially when the 
evolution of hydrogen has ceased. So long as hydrogen is 
being generated, any ferric su^t which is formed is reduced 
again to the ferrous compound. Anhydrous ferrous salts are 
generally colourless, yellow, or brown, lmt the hydrated salts 
are usually green. | 
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Ferrous hydroxide, Fo(01T) 2 , is obtained as a pale-green 
lloeculeiit precipitate on sodium hydroxide being added to a 
solution of a ferrous salt. It is slightly soluble in water, 
giving an alkalino solution, and it rapidly absorbs oxygen, 
giving ferric hydroxide. Ferrous oxide, FeO, a black solid, 
»is mosf conveniently obtained by igniting ferrous oxalate, 
FeC 2 0 4 , out of contact with the air. 

Ferrous chloride, FeCL, 4JI 2 0, is a green crystalline sub- 
stance; 4-he anhydrous salt is colourless, and may be obtained 
by heating iron in a stream of dry hydrogen chloride. 

Ferrous sulphate, FeS0 4 , 7H 2 <) (pp. 37, 226), is the 
commonest ferrous salt. It oxidises on exposure to the air; 
but the pale-green double salt (p. 322) which it forms witli 
amyioniuni sulphate — ferrous ammonium sulphate, FeS(),, 
(N l( 4 J?,S( > 4 , 6H 2 <) — is much more stable, and is often used 
in standardising solutions of potassium permanganate (p. 453). 

Ferrous sulphide, FoR (p. 215), is obtained as a black 
precipitate when solutions of ferrous or of ferric salts are 
treated with ammonium sulphide (not with hydrogen sul- 
phide, p. 220) ; with ferrous salts a simple double decomposi- 
tion occurs, 

FeSG 4 + (NH 4 ) 2 R = FeS + (NH 4 ),S0 4 ; 
but ferric salts are lirst reduced to ferrous compounds, 
Fe 2 (8(> 4 ) H + (NH 4 ).,B = 2FeS0 4 + (NH 4 ) 2 S0 4 + S. 


Fkrric Compounds. 

The ferric salts are usually prepared by oxidising the 
ferrous salts with chlorine, nitric acid, &c., and are generally 
yellow ; they may be reduced to ferrous salts with n accent 
hydrogen (p.*341). 

Ferric oxide, Fo 2 0 3 , may be obtained by igniting ferric 
hydroxide (or ferrous sulphate^ p. 401). it is a reddish- 
brown solid (luematite, rouge), and is only slowly attacked 
by concentrated hydrochloric acid. ^ 

A mixture of ferric oxide and granulated aluminium is 
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extensively used under the name of Utonnite for the produc- 
tion of a high temperature in certain metallurgical operations. 
When this mixture is lighted with a ‘fuse’ of magnesium 
ribbon a very vigorous reaction occurs (p. 443), 

Fe/) 3 + 2A1 = 2Fe 4- A1 2 0 3 , 

and the heat development is so great that the iron and" 
alumina both melt. Hence, with the aid of thermite, steel 
rails, may be welded together as they lie, and all sorts 
of repairs to iron and steel work may be carried out without 
the aid of a furnace. 

Ferric hydroxide, Fo(OH) 3 , is formed as a reddish-hrown 
ilocculent precipitate on a solution of sodium or ammonium 
hydroxide being added to a solution of a ferric salt, 

FeCl 3 + 3NaOH - Fe(( III), + 3NaCl. # • 

The precipitate is soluble in a solution of ferric chloride ; 
and when this product is submitted to dialysis, a ‘colloidal 
solution ’ (p. 327) of ferric hydroxide is obtained. 

Ferric hydroxide is a relatively weak base, and does not 
give salts with very weak acids such as sulphurous and 
carbonic acids. 

Ferric chloride, FeCl 3 , may be prepared by heating iron in 
a stream of dry chlorine ; the product is readily volatile 
(b.p. about 28(T), and condenses in dark, lustrous crystals. It 
is readily soluble in water, giving a brownish-red solution 
which contains basic salts formed by hydrolysis, and the 
colour of which becomes more, intense on warming, owing 
to the further formation of such basic salts. 

• Solutions uf ferric chloride may be obtained by dissolving 
the hydroxide in hydrochloric acid, by passing chlorine into 
a solution of the ferrous salt, or by oxidising the latter witli 
nitric, in presence of hydrochloric, acid, 

3FcC1 2 + 3HC1 + TINOjj - 3FeCl 3 + NO + 2II 2 0. 

On evaporation, such solutions give yellow, crystalline, hy- 
drated salts of variable composition. 

Ferrifl sulph&t^ Fe 2 (S0 4 ) 3 , prepared by dissolving the 
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hydroxide in sulphuric acid, gives ferric alums with sul- 
phates of the fypc X 2 S0 4 (p. 616). 

Ferric phosphate, FePO,,, is met with in qualitative 
analysis as a pale-yellow Hocculeut precipitate, which, like 
the phosphates of chromium and aluminium, is -insoluble in 
acetic acid. 

Iron pyrites, FeS 2 (pp. 221, 287), is an important iron 
compound, and may be regarded as a derivative of tervalent 
iron ; obviously, however, its constitution, possibly expressed 
by the formula S : Fe/S'S’Fe : S, does not correspond with 
that of feme oxide. 

Iron compounds aro easily detected in the laboratory, and 
ferrous arc easily distinguished from ferric salts with the aid 
of a solution of sodium or ammonium hydroxide or a solution 
of pStaqpium ferricyanide (sec below). 

Potassium /error, yanirfe, K 4 Fe(CN) 6 , 3T1 2 0, and potassium 
ferric j/anidr, K. { Fe(CN) 6> are described elsewhere.* The 
feiTocyanidc may be obtained in the laboratory by treating 
ferrous hydroxide with potassium cyanide (p. 679), 

Fo(OH) 3 + 6KCN - K 4 Fe(CN ) 6 + 2KOII, 

and the ferricyanide by passing chlorine into a solution of 
the ferrocyanide, 

2K 4 Fe(CN) (; + Cl 2 - 2K 3 Fc(CN) 6 + 2KC1. 

Potassium ferrocyanide and feme salts, and potassium 
femeyanido and fcrr<w« salts, when mixed together in 
aqueous solution, give a blue precipitate (Prussian blue, 
Turnbull's blue ) ; but potassium femeyanido and a feme 
salt do not give a precipitate. 1 


Nickel, Ni ; At. Wt. 58*7. 

Nickel occurs in meteorites, and generally associated with 
cobalt. It is fouhd in a number (f£ ores as sulphide, arsenide, 
and silicate. 

% 

* Organic Chemistry (Perkin anil Kipping ; W. & R.^Thainbers, 7s. fill.). 
Inorg. 2 S 
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Some of the more important ores, such as t qamierite % are 
complex silicates of nickel, iron, calcium, and magnesium : 
the arsenide , NiAs, is a copper -red mineral known as 
kwpfernickd. 

The extraction of nickel from these ores, and especially 
its separation from cobalt, were until compare tively r recently* 
very troublesome operations ; but an important discovery by 
L. Mond has overcome these difficulties. 

When carbon monoxide is passed over finely divided nickel, 
heated at about 55°, combination occurs, and nickel carbonyl, 
Ni(CO) 4 , distils as a colourless, highly refractive, poisonous 
liquid (b.p. 43°), which is readily decomposed at about 200° 
into nickel and carbon monoxide. Cobalt docs not combine 
with carbon monoxide under the above conditions. 

Based on these principles, the following process is now employed 
for the commercial preparation of nickel. The ores are first 
‘roasted’ if they contain sulphides and arsenides, in order to 
convert these compounds into the oxide ; they are then heated 
at about 400° in a mixtures of carbon monoxide and hydrogen 
(water-gas) until the oxide is reduced to the finely divided metal. 
When reduction is complete the temperature is lowered to about 
55°, and the nickel carbonyl, which is then produced, is passed into 
chambefl* heated at about 200 ; at this temperature the com- 
pound is rapidly decomposed into metal and carbon monoxide, 
and the metal is deposited in a coherent, highly lustrous form.* 

Nickel is a silvery metal of sp. gr. 8 ‘8, anil melts at about 
1455°. It does not rust approciahly; for this reason, and 
also on account of its beautiful lustre, it is used in plating 
iron and other metals. It is also used for the preparation 
alloys, such as German silver (nickel 25, zinc 25, and 
copper 50 per cent.), and in the manufacture of nickel steel 
(p. 700). 

* Iron combines with carbon monoxide at high temperatures and 
pressures, giving iron pentacarUonyl, a volatile yellow liquid of the 
molecular formula Ee(CO) 5 . This liquid decomposes on exposure to light, 
giving a yellow solid, Fe 2 (CO) 9 , and by heating a solution of this solid at 
95°, Iron tetracarbonyl, Fe(CO) 4 , a green crystalline compound of oomplex 
molecular* formula, is obtained. 

Cobalt combines w^h carbon monoxide under pressure at 160°, giving 
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The compounds of nickel are nob of great importance. 
The metal is rapidly acted on by nitric acid, giving the 
nitrate, but it is only slowly attacked by hydrochloric or 
sulphuric acid. The anhydrous salts are mostly yellow, 
but the hydi'ated crystals and their aqueous solutions are 
general 1/ green. 

Nickel sulphate, NiS() 4 , 711^0, is prepared by dissolving 
the metal in sulphuric acid, in presence' of nitric acid, and 
then evaporating the solution; it is readily soluble in water, 
and is isoinorphous with other sulphates of the type XS0 4 , 
7H 2 0. 

Nickel hydroxide, Ni(OH).,, is obtained by precipitation 
as a light-green flocculcnt solid, which is converted into 
nic^plous oxide, NiO, when it is heated. 

The Oilier salts of nickel are also derived from the oxide 
NiO. A higher oxide, nirhilir ojriilr, Ni 2 0 3 , is known, hut 
it is not basic, and with acids it gives nickelous salts and 
oxygen or chlorine as the case may he. This oxide is pre- 
cipitated as a black powder when a nickel salt is treated with 
sodium hypochlorite, or with bromine and sodium hydroxide, 
in aqueous solution, 

2Ni(OH) 2 + NaOCl - Ni./), + 211*0 + NaCl. 

Nickel sulphide, NiS, is formed as a black precipitate on 
ammonium sulphide being added to a solution of a nickel salt ; 
it is only slowly attacked by hydrochloric acid. 

Cobalt, Co; At. Wt. 59*0. 

This metal is very similar to nickel in its main character- 
istics, and its ^principal compounds correspond in type with 
those of nickel. It may be obtained by reducing its oxide 
in a stream of hydrogen. Tt has a reddish lustre, a sp. gr. 

orange crystals of a compound of tlie molecular formula Co. 2 (CO) 8 ; this 
carbonyl decomposes at 00°, giving black crystals of a substance of the 
empirical formula Co(00) 3 . Molybdenum carbJbyl, Mo(CO) a , a colourless 
crystalline substance, is also known. t 
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8*8, and melts at about 1530°. The metal f is but little 
used.* 

Cobalt nitrate, Co(NO ;{ ) 2 , 6II 2 0, is obtained in pink crystals 
when the metal is treated with nitric acid and the solution, 
is then concentrated. The hydroxide, Co(OII) 2 , is formed as 
a pink precipitate oil sodium hydroxide being added to a boil-* 
ing solution of the nitrate ; at ordinary temperatures a bluish 
precipitate of a basic salt is obtained. Cobaltous oxide, 
CoO, is prepared by heating the hydroxide out of contact 
with the air ; in presence of air cobaltic oxide is also formed. 

Cobalt sulphate, CoSO.,, 7H 2 0, cobalt chloride, CoCl 2 , 
6U 2 0, and other salts derived from the oxide CoO, are pink 
in the hydrated form and in solution, but turn blue when 
they are dehydrated. # 

Characters written on paper with a dilute (pal8-pink) 
solution of the chloride {sympathetic ink) are barely visible, 
but when the paper is warmed the salt is converted into the 
more intensely coloured (blue) anhydrous compound. 

On sodium hypochlorite, or bromine and sodium hydroxide, 
being added to a solution of a cobalt salt, cobaltic hydroxide, 
Co(OH)^, is precipitated as an almost black solid. This 
hydroxide, and the correspond ing cobaltic oxide, Co 3 0 3 , are 
so feebly basic that they do not give rise to stable salts. 

Cobalt sulphide, CoS, closely resembles nickel sulphide. 

Although nickel and cobalt are so similar chemically in all their 
simple derivatives, cohalt forms a great, number of complex com- 
pounds, analogues of which are not obtainable from nickel. Some 
of these complex cohalt compounds are used in separating cobalt 
£rom nickel. 

Potassium cobalticyanide, K,(V>(CN)„, a complex salt (p. 591) cor- 
responding with potassium ferric vanide (p. 705), is formed when a 
solution of a cobalt salt is warmed with excess of poftissium cyanide 
in the air. The cobaltous cyanide , Co(CN) 2 , first produced as a 
dirty-brown precipitate, combines with potassium cyanide, forming 
soluble potassium cobaltoryanijc , 

Co(CN ) 2 + 4KCN = K 4 Co(ON) 6 , 

* The jprincipal ores of cobalt arc cobalt glance , CoS As (or C 0 S 2 , CoAsa), 
and speisscobalt , CoA% 
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which then undergoes atmospheric oxidation, giving soluble 
potassium cobalticyanide , 

4K 4 Co(CN) 0 + 0 2 + 2H. 2 0 = 4K 3 Co(CN)„ + 4KOH. 

Potassium cobalticyanide is not acted on by a solution of sodium 
hypochlorite or' hypobromite. 

Nicke> salts behave like cobalt salts in so far that they give an 
insoluble cyanide, Ni(CN) 2 , which combines with potassium cyanide, 
yielding a soluble salt; but this soluble salt, Ni(CN) 2 , 2KCN, is 
not of the same type as potassium cobaltocyanide, and it does not 
change when its solution is heated in the air. The soluble nickel 
salt, moreover, is readily and completely oxidised by sodium hypo- 
chlorite or hypobromite, giving a precipitate of nickelic oxide; 
hence by these reactions nickel salts may be detected in presence 
of cobalt salts, and the two ‘metals’ may be separated. 

Potassium cobaltinitrite, K s Co(N() 2 ), 5 , is obtained in a hydrated 
fong as a yellow precipitate on a solution of a cobalt salt being treated 
with acetic acid and potassium nitrite ; nickel salts do not give a 
precipitate under these conditions, so that this reaction is also 
utilised in separating these two elements. 


Platinum and Allied Metals. 

The six metals which, together with iron, nickel, and cobalt, 
comprise Family VIII. of the periodic system (table* p. 720) 
are generally classed together as the platinum metals, not 
because they form a natural family, hut for convenience, and 
because in some respects they are similar in their general 
behaviour. 

Family VIIT., in fact, is not comparable with any of the 
other families of the periodic system ; it may he regarded 
rather as consisting of the following three sub-families, 411 
each of which the elements are related to one another in a 
manner recalling the relationship in other sub-families : • 

(a) Iron Nickel Cobalt 

(b) Ruthenium Rhodium Palladium 

(r) Osmium Iridfum Platinum. 

Thus the members of the iron |ub-family resemble one 
another, and differ from those of the otli^r two sub-families 
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in forming oxides of the type X0 3 ;* but at the same time 
it must be admitted that the family valencies are very 
irregular, and that in consequence the three sub-families 
arc not very sharply defined. f 

The platinum metals are found alloyed together and with 
other metals in sandy deposits, especially in the Ura'i district?, 
but also in (hdifornia and Australia. They are extracted 
by first 1 washing ’ the sand, and then treating the residue 
with aqua regia, whereby most of the metals, but not osmium 
and iridium, are converted into soluble chlorides. The 
separation of the different elements from one another is a 
very troublesome process. 

Ruthenium, Ru, is a steel-gray, brittle metal of sp. gr. 12\3, 
and melts at about 1800°. It is oidy slowly attack ejl by 
aqua regia, but it combines readily with oxygen at a fed-heat, 
giving various oxides (liuO, Ru.,0.,, ltu( ) 2 ), which are insoluble 
in acids. When fused with potassium nitrate and potash 
it gives an unstable salt, K.,Ru< > 4 , derived from the oxide, 
RuO a . Perhaps the most interesting ruthenium derivative 
is the tetrojcirf Jiu() 1 (per-ruthenic anhydride), which is 
formed when potassium vuthenate, K 2 Ru() 4 , is oxidised with 
chlorine in aqueous solution. This tetroxidc sublimes, giving 
yellow crystals, when it is gently heated, but it decomposes at 
about 108°. When treated with potassium hydroxide solution 
it yields potassium ruthenate and potassium per-ruthenate, 
KRu 0 4 , a black, crystalline compound. 

Ruthenium unites with chlorine, giving RuC 1 2 and RuCL. 
Derivatives of RuCI., are also known. 

r Osmium, Os, is a gray metal of sp. gr. 22*5 (greater 
tlupi that of any other substance), and melts at about 
2500°. It resembles ruthenium in chemical behaviour, and 
like that metal combines with oxygon at a red-heat. When 

* Potassium ferrate, K.,Fc(> 4 , a # .lark-red, crystalline, unstable compound, 
i? formed when iron powder is heated with potassium nitrate ; it is a salt 
of ferric acid, H 2 Fe0 4 , whiflh is derived from the anhydride, FeO a , hut the 
free acirf and its anhydride arc both unknown. 
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fused witli potash and potassium nitrate it gives potassium 
osmatc, K 2 0 s 0 4 , a dark-violet crystalline salt of osmic 
acid. 

The most interesting and important derivative* of osmium 
is the tetroxide , ()s0 4 , corresponding with Ru0 4 . This 
compound is the anhydride of per-osmic acid , hut is 
generally known as osmic acid. It is formed, and distils 
over, when osmium is heated in the air, and is also obtained 
>y oxiduyng the metal with chlorine water or with aqua regia. 
It forms colourless crystals, boils at about 100°, and has an 
irritating odour recalling that of chlorine. Its aqueous 
solution is used in staining biological specimens for micro- 
scope work, as the oxide is reduced by the organic mailer, 
giving a deposit of osmium. 

Rhodium, Kb, and iridium, Ir (sp. gr. 22*4), are not 
xidised when they are heated in the air ; they are not 
acted on by aqua regia, but when they are alloyed with 
platinum they pass into solution. Iridium tetrachloride, 
lrCl 4 , resembles platim’c chloride ; but rhodium forms a 
trichloride , IihCl 3 . Iridium-platinum alloys are harder than 
platinum, and better resist the action of acids ; they are 
used in preference to , pure platinum for the manufacture 
of crucibles, &c. 

Palladium, Pd, is a silvery metal of sp. gr. 9*1, and melts 
at about 1400°. It resembles platinum in many respects, but 
differs from it in being attacked by hydrochloric, sulphuric, 
or nitric acid. It forms stable compounds such as the oxide, 
PdO, and the chloride, PdCl 2 , in which it is bivalent, and 
also compounds such as the tetrachloride, rdCl 4 , in whiefi 
it is quadrivalent. m 

The most •interesting property of palladium is that it 
absorbs (or occludes) as much as about 650 times its own 
volume of hydrogen when it is heated in this gas at about 
95°, and about 370 times its o&n volume at ordinary tem- 
peratures. The whole of the hydr^en is expelled again 
when the 1 alloy 7 is heated at 100° m a jracmim, fftul it is 
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believed that the two elements do not combiue chemically, 
but form a solid solution (p. 323). 

Platinum, Pt, at. wt. 195*2, has a silvery lustre and a 
sp. gr. 21*5, which is nearly as groat as that of osmium ant} 
that of iridium ; it molts in the oxy -hydrogen blowpipe flame 
(at about 1770°). It is not acted on by acids, but with aquff 
regia it gives a yellow solution of platinic chloride. The 
hydroxides, sulphides, and cyanides of the alkali metals, 
many ordinary metals, and some non-metals at tack ^ platinum 
readily at high temperatures, converting it into compounds 
or into fusible alloys ; for this reason such substances must 
not be heated in platinum vessels. It is also important to 
avoid the use of a luminous or smoky flame in heating 
platinum, as the metal unites with, or dissolves, carbon. , 

Platinic chloride, Pt01 4 , one of the better-known platinum 
compounds, is formed when the metal is treated with aqua 
regia; the product combines with hydrogen chloride, and on 
the solution being evaporated, brownish-red, hydrated crystals 
of chloroplatinic acid, H 2 PtCl 0 , are obtained. It is a solution 
of this compound, commonly called ‘ platinic chloride/ which 
is U8cd r in the laboratory in testing for potassium (p. 678) 
and for other purposes. The compound, PtCl 4 , the true 
platinic chloride, is obtained by heating the metal in chlorine 
at about 360°. 

Sodium platinichloride, Na 2 PtCl 0 , is very readily soluble 
in water. 

* Spongy 1 platinum, or platinum sponge, is obtained by 
heating ammonium platinichloride (p. 678); ammonium 
chloride and chlorine volatilise, and metallic platinum remains 
in a very fine state of division. This form of the metal is 
much more active than compact platinum, and is an important 
catalytic agent ; thus when a jet of hydrogen or of coal-gas 
is allowed to impinge on platinum sponge, combination with 
atmospheric oxygen takes pfacc so rapidly that in a moment 
the gas ignites. H 

Platinum blacky is nn even more finely divided form of the 
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metal whicfc ™ obtained by treating a solution of £ platinic 
chloride } with zinc or other reducing agents. It is an active 
catalyst, and also shows to a much greater extent than com- 
pact platinum the property of occluding certain gases. The 
compact metal occludes both oxygen and hydrogen at ordinary 
temperatures, but only in small quantities, whereas platinum 
black occludes about 100 times its own volume of oxygen, 
and an even greater volume of hydrogen. 

Platinic chloride is decomposed by sodium hydroxide solu- 
tion, and on excess of acetic acid being added to the product, 
platinic hydroxide, Pt(OII) 4 , is obtained as a reddish-brown 
precipitate, which forms soluble salts with the alkali hydrox- 
ides. 

# Platinous chloride, PtCl 2 , is formed when platinic chloride 
is 1 Anted at 200°. When treated with excess of potassium 
cyanide it is converted into potassium platinocyanide, 
K 2 Pt(CN) 4 , and with barium cyanide it gives barium platino-* 
cyanide, lkiPt(CN) 4 ; the latter forms hydrated crystals, 
(4H 2 0), which are strongly fluorescent, and which are used in 
coating screens for X-ray work, because they render visible 
the Kbntgen rays. 


CHAPTER LXIII. 

The Classification of the Elements 
and the Periodic System. , 

In describing the more important elements, attention 
has been Sirectcd to the existence of certain relationships 
which render it possible to classify these elements into 
natural families, and in most cases the nature of this relation- 
ship has also been briefly discussed. It is now desirable to 
deal comprehensively with this subject, and to explain the 
system of classification which has been adopted. # 
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The first attempt to classify the elements fl was a very 
simple one; they were divided into melals and. non-metals. 
At first this division was based entirely on a consideration of 
their physical properties (p. 35) ; later, elements were dis- 
covered which differed from the common metals in physical 
properties, but yet resembled the latter in chemical behffviour; 
it was then recognised that the chemical properties of an 
element must be taken into consideration if the division into 
metals and non-metals is to be maintained (pp. 253-255). 
At the present day the elements are still divided into these 
two groups. 

A metal forms at least one basic oxide; its corresponding 
chloride is not hydrolysed by water (p. 428); it displaces 
hydrogen from acids; it does not give volatile hydrides 
is electro-j positive. € 

A non-metal forms only acidic oxides ; its chlorides are 
c hydrolysed by water ; it does not displace hydrogen from 
acids; it gives one or more volatile confounds with 
hydrogen ; it is electro negative. 

On this basis it is possible to place nearly all the elements 
in one or other of the two groii])s ; a few elements, however, 
notably arsenic anti antimony', present some difficulties and 
^eeni to belong almost equally to the metals and to the 
non-metals. 

Clearly this division of some 80 elements into two groups 
only, does not carry the matter very far, and the next note- 
worthy steii in advance was the classification of a number 
of the elements into various small families, according to their 
chemical behaviour. Thus the three elements chlorine, 
bromine, and iodine were groujjed together on account of 
their similarity in properties ; so also were calcium? strontium, 
and barium ; iron, nickel, and cobalt ; and so on. 

In 1827 Doberciner drew attention to the fac.t that in 
many of these families of ilireE elements the atomic weights 
tyf the elements showed an interesting relationship ; in some 
families the atomic \^eighl of the second member was, roughly, 
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the mean of Jhosc of the other two, while in other families the 
.atomic weights of the throe elements were almost of the same 
magnitude. Such families, of which examples are given 
below, were known as IJdberci tier’s triads : 


Chlorine . . 

35*5 

Calcium . . 40*1 

Iron * . 

. 55 *8 

Bromine . . 

79*9 

Strontium . 87 6 

Nickel . 

. 58-7 

Iodine . . 

126-9 

Barium . . 137 ‘4 

Cobalt . 

. 59 0 

35-5 + 12G-9 

= 81-2 

~ 1 ' a 137 ’ 4 =88'8 



2 




This classification into a number of families, accompanied 
by a recognition of some relationship between the jn-operfies 
of mi element and its atomic weight, was a great advance ; but 
the scheme failed to embrace all the known elements in a 
systematic manner. 

A Bout 1864 a very important discovery was made by New* 
lands — namely, that there is a relation between the properties 
of an element and its atomic weight of such a character that * 
when the t dements are arranged in the order of their inn-raxing 
atomic weights , elements having similar properties recur at 
fixed intervals. Taking the atomic weights accepted in those 
days, Newlands arranged some of the elements in the order 
of these magnitudes, and pointed out that the 8tfi element 
was similar to the 1st, the 9th to the 2nd, the 10th to 
the 3rd, and so on. As this similarity recurred at every 
8th element, just as the 8th note in the musical scale is 
an octave to the 1st, he supposed that the relationship 
accorded witli some natural law, and termed his discovery 
‘ the law of octaves' 

This discovery of Newlands was extended to all the 
elements and greatly developed in various directions by 
Mendeh$efF®and L. Meyer; the system thus devised, based, as 
was that of Newlands, on the atomic weights of the elements, 
is now kflown as the natural system, or, since the properties 
of an element are periodic funJtions of its atomic weight, the 
periodic system. ® 

In order to explain this system, the ^symbols Mid atomic 
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weights (in whole numbers) of 24 of the elements are set 
out in the following horizontal rows : 


He 

Li 

Be 

B 

c 

N 

0 

F 

Ne 

Na 

Mg 

A1 

4 

7 

9' 

11 

12 

14 

16 

19 

20 

23 

24 

27 > 

Si 

P 

S 

Cl 

Ar 

K 

Ca 

Sc 

Ti 

y 

Cr 

Mn 

28 

31 

32 

35 

38(?) 

39 

40 

44 

48 

51 

52 

55 


Except that hydrogen (at. wt. 1) is omitted, this list 
includes all the known elements with atomic weights less 
than 56, and the elements follow one another strictly in 
the order of their atomic weights. 

Now a study of this very simple arrangement brings 
out the fact that although the properties of any two 
successive elements are generally very different, el^mclits 
which are related to one another are met with at fixed 
, intervals or after fixed periot (Is; thus the 1st element is 
similar to the 9th* and the 17th, the 2nd to the 10th and 
1 8th, and so on. In fact the physical and chemical properties 
of the elements, and those of all their compounds, are periodic 
functions of the atomic weights. 

If, than, the horizontal rows given above are divided into 
the three periods (each containing 8 elements) of which 
*they consist, and these periods are placed vertically one 
below the other, elements in corresponding positions in these 
periods become grouped together in vertical series: 


He 

Li 

Be 

B 

C 

N 

0 

F 

He 

Na 

Mg 

A1 

Si 

P 

s 

Cl 

Ar 

K 

Ca 

Sc 

Ti 

V 

c 

Mn 


Tlfiis the three elements, helium, neon, and grgon, which 
are very closely related, form a natural family ; similarly 
with lithium, sodium, and potassium ; with beryllium, mag- 
nesium, and calcium, and sot on. In order to obtain this 

* Not to the ‘octave,’ as Newlands's list, because «>f the discovery of 
other elements Bince Nfwlands’s time. 
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obviously satisfactory classification, hydrogen only, as already 
stated, is omitted. 

In the list of elements which follow manganese in the 
order of increasing atomic weights (which, except in the case 
of that of Ni, are given in whole numbers), the next eight 
would*be, 

Fe Ni Co Cu Zn Ga Ge As 

56 58*7 59 64 65 70 72 75 

But if this row were placed under the third period given 
above, iron would fall into the family of rare gases (He, No, 
Ar), nickel would be classed in the family of the alkali metals 
(Li, Na, K), and in fact all the eight elements in this row 
would fall into families with the members of which they 
have* absolutely no relationship. If, however, iron, nickel, 
and cobalt are. placed temporarily aside, and the period of 
7 elements, starting from copper (Cu), and consisting of 

Cu Zn Ga Ge As Se Br, 

is placed under the third of the above periods in such a 
way that copper falls under potassium, leaving a gap under 
argon , then the arrangement is much more satisfactory, and 
the elements following this period also fall into suitable^ 
positions. 

. These illustrations will suffice, to show that the arrange- 
ment of the elements in the order of their increasing atomic 
weights leads to their classification into natural families, 
provided that certain elements arc temporarily excluded from 
the periods, and that certain gaps are left, where to do other- 
wise would obviously upset the whole system. 

If the classification be continued on the lines indicated, 
the atomic weights being strictly adhered to for the order in 
which the elements are taken, all the elements* may he classed 
in such a way that their mutmfl relationships are exhibited. 

m 

* Some rare and little-known elements^have been left out of con- 
sideration. | 
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Ono arrangement of this kind is shown on tlia chart facing 
the last page of the index. 

Helium (He) being taken as the starting-point, there first 
come the two periods, each consisting of 8 elements, which 
have already been referred to ; these periods arc placed 
centrally, and are called short periods ; the elements of which 
they consist lire sometimes called typical elements. 

The third (short) period of 8 elements is placed on the left 
of the chart, followed hy Ye, Ni, Co, and the fourth (short) 
period (of 7 elements), commencing with copper, is placed 
on the right. The whole of iliis horizontal row, comprising 
one short period of 8 elements, Fe, 2si, Co, and one short 
period of 7 elements, or 18 elements in all, is termed a lontj 
period. % 

A second long period of the same kind, beginning with Kr, 
then follows, hut this period is incomplete ; a blank or gap is 
left under manganese (Mn), because if this were not done the 
obviously more suitable arrangement of all the succeeding 
elements would he disturbed. It may be stated at once that, 
for reasons given later, it is conceivable, or even probable, 
that this and other gaps may at some future time bo filled by 
elements which have not yet been discovered. 

« A third long period begins with X, but is very fragmentary; 
a. fourth is very incomplete, and a lifth contains only three 
(dements. It should be understood that although (omitting 
Yb) there would he room for all the (dements of the fourth 
long period ill the third, the great difference between the 
atomic weight of Ce (140) and Ta (181), compared with the 
usfial difference (2-4 units) between any two successive 
atomig weights, scorns to show that the arrangement given 
in the chart is to be preferred. * 

When arranged in this way all the elements fail naturally 
into families.* Each of these families consists of all those 

* The term ‘ family ’ is used in preference to ‘ group ’ in order to avoid 
confusion with the ‘groups’ j^to which metals are classed in qualitative 
analysis. * q 
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elements wfcich occupy corresponding positions in the short 
periods. Thus, all the short periods, each of which consists 
of eight elements, being taken, the first members arc He, 
He, Ar, Kr, X; these elements are closely related and form 
a natural family (Family 0). These live elements being taken 
away, Till the short periods now consist of seven elements (unless 
the periods are incomplete), and are comparable. If, then, the 
first members of all the small periods of seven elements are 
classed •together, and similarly all the second members, and so 
on, seven more families are obtained. These families are 
numbered I. to VII. respectively ; all the elements between 
the two vertical lines in the chart are classed together as 
Family VIII. 

# These eight families are shown on p. 7 S I0, where the relative 
positions in the chart of the different members (and of the 
gaps) are also indicated. ^ 

Although all the elements forming any one of these families 
are related to one another, the relationship is of such a 
character that the family may sometimes be divided into two 
sub-families. Thus of the eight elements in Family I., Li, 
Na, K, Kb, Cs, are far more closely related to onp another 
than to Cu, Ag, An, and these throe elements are more closely 
related among themselves than to Li, Na, K, Kb, Cs (the 0 
alkalis). Similarly, Family II. may be divided into the sub- 
families Oa, Sr, 11a (the alkali-earth metals), and Be, Mg, Zn, 
Cd, Hg ; but it is not very easy to decide whether Be and Mg 
should be classed witli Ca, Sr, Ba, or with Zn, Cd, Hg, as they 
are almost equally related to both of these series. Famines 
III. and IV. present similar difficulties as regards division 
into sub-families ; but in Families V., VI., and VII. the 
relationship* between the typical elements (p. 718), and those 
occupying corresponding positions on the right-hand side of 
the long periods (see chart), becomes closer and closer in passing 
from Family V. to Family VII. In Family VII., for example, 
F and Cl are very closely l elated t^ Br and I, but are only 
very distantly related to Mn, and in Family VI., 0 and S are 
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very much more closely related to Se and Te than to Cr and 
the elements below Cr. 

This division into sub-families is indicated in the table 
(p. 720) by printing the symbols of the elements of the 
sub-families in vertical lines. Thus Li and Na are printed 
directly above K, Rb, Cs ; similarly, F and Cl arc printed 
vertically over Br and I, and so on. 

In this volume (Part 11.) the families have been taken in 
the orjjcr Vll. to 0, and* in every case the sub-families com- 
prising elements on the right-hand side have been taken 
before those comprising elements on the left-hand side of 
the chart; Family VIII. has been taken last. 

If the nature of the relationship between the various mem- 
bers of a natural family be next considered, perhaps the most 
important fact is that all the members have the same valency. 
Before discussing this matter, it must again be pointed out 
that the valency of an element may be variable, in which® 
case its valency towards hydrogen may be different from its 
valency towards oxygen ; therefore, in speaking of valency, 
it is generally necessary to state to which of these standards 
the property is referred. 

Hydrogen being taken as the standard, or "where no 
hydrogen compound of the element is known, one of th<^ 
univalent halogens, the family valency gradually rises from 
0 (at Family 0) to a maximum of four, and then gradually 
falls to one, in passing from Family 0 to Family VII. Instead 
of the families as a whole, the elements of any short period 
may he considered, as each of these elements is typical 
of its own family. In the first small period, then, ^he 
molecular formulae of the hydrides or (where hydrides 
are unknown*) of the chlorides of these elements are as 
follows : 

LiCl • BeCL BII 3 £H 4 NII 3 OH 2 FH. 

* Although hydrides of lithium and of solium are known, they are not 
typical compounds, and therefore are not cousidci|;d here. * 

Inonc. 2 T 
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Similarly, the formula} of the hydrides (or chlorides) of the 
elements of the second short period are : 

MaCl MgCl 2 A1C1 3 SiH 4 PH 3 SH 2 C1H, 

so that the following connection holds : 

Family . . . . 0. I. II. III. IV. V. VI. VII. ' 

Valency towards II (or Cl) 012 3 432 1 

The valency towards a halogen is not always the .same as 
the valency towards hydrogen ; thus in Families V. and VI. 
some of the elements are quinquevalcnt and sexvalent 
respectively in their highest chlorides. 

As regards the family valency towards oxygen, there is the 
difficulty that most of the elements form several oxides, s^nd 
have several valencies towards this element, and therefore, in 
order that any comparison may be made, some particular 
class of oxide must he chosen. The study of this matter has 
shown that the relationships are most clearly brought out by 
considering the valency of the element in its highest salt- 
forming oxide, a salt-forming oxide being defined as either an 
anhydride, or a basic oxide, from which corresponding salts 
are derived. Now the formula} of the highest salt-forming 
^oxides of the elements of the first two short periods are as 
follows : 

- Li 2 0 BeO B 2 0 8 C0 2 N 2 0 6 - 

- Na 2 0 MgO A1 2 O s Si0 2 P 2 0 5 S0 8 C1 2 0 7 . 

From these formulae it will be seen that there is a regular 
change in valency in passing from Family 0 to Family VII., 
and that this change is a continuous increase by one unit for 
ever^family. 

That the valencies of the elements in these periods (and 
therefore in the families) rise continuously from 1 to 7 is 
more clearly expressed in the structural formula of these 
•oxides ; thus the oxides jot the elements of the second smal] 
period may be tespectiv&y represented by the formula, 
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Na-O-Na. Mg=0 0 = Al-0-Al = 0 0 = Si = 0 

°Sp-o-p/° °\s = 0 0=Cl-0-Cl=0. 

V) o/' . So 

This gradual change in valency is also well brought out by 
a study of the hydroxides of the elements. Taking those 
which correspond with the highest salt-forming oxides, the 
following series is obtained : 

Na(OH>Mg(OH) 2 Al(OH) 3 Si(OH) 4 P(OH) 5 S(OH) 6 Cl(OII) r . 

Some of these hydroxides, it is true, are unknown in the free 
state, but of these some probably exist in aqueous solution, 
and the remainder are known in the form of their derivatives 
(pg. 469, 493, 574, 584). 

It Is thus clear that as regards valency the system of 
classification under discussion brings out the periodic varia- 
tion of this property ; but the valency of most elements is 

so variable, so dependent on the standard by which it 

is measured, and also on the conditions under which it is 
determined, that the generalisations given above may not in 
all cases hold good. For this and other reasons the periodic 
system is not of great assistance to the student until his 
knowledge of chemistry is well advanced. 

The next point to be considered is that although the 

members of a natural family are similar in properties, all 

their properties and likewise those of their corresponding 
compounds vary in a regular manner with increasing atomic 
weight; this regularity is even more marked when the 
comparison is restricted to the members of a sub-famify. 
Thus, taking the sub-family of the halogens, the regularities 
already poiifted out (pp. 423-428) are very clearly defined. 
Corresponding gradations are observed in other sub-families, 
no matter # wljat property is considered, and the relation 
between properties and atomic* weight is thus brought out 
in another way. t 1 

As further instances of this gradual change in the properties 
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of the members of a sub-family, the following data may be 
given : 

The specific gravities and melting-points of the alkali metals 


(Sub-Family I.) are : 





Os f 

Li 

Na 

K 

Rb 

Specific gravity at 15° 

. 0*53 

0-97 

0-87 

1-5 

1-9 

Melting-point . 

. 185° 

97° 

60 u 

39° 

i>7° ' 

The specific gravities and the solubilities in 

water of the 


sulphates of the alkali earth metals are : 



CaS(> 4 

SrS0 4 

Ba80 4 

Specific gravity * 

. 2*9 

3*7 

4*5 

Parts of water required 

to dissolve 



one part of sulphate 

. 520 

6800 

400,000 


The heats of formation (p. 337) of the chlorides of some of 
the metals of Family II. are : t 

Mtf'.u ZiiClg (MCla — IT^OIo I CaCIo SrCI 2 C BaCI„ 
Large calories + 151 \)l“ 93 - 54 5 | 170 185 194 

In all these cases the gradation is clearly defined ; but, as 
will be seen from the lirst example, there is sometimes a 
break in passing from the typical elements to those of the 
long periods. This is by no means uncommon (p. 649). 

A study of the chart facing the last page of the index brings 
out another very interesting result of flic classification of the ele- 
ments here shown — namely, that all the non-metals or electro- 
negative elements are grouped together in such a way that 
they may be fairly sharply divided from the metals. This' is 

indicated by the discontinuous line in the chart. All 

the non-metals are situated on the right of, or above, this 
line ; owing to the difliculty of deciding whether arsenic and 
antimony should be classed as metals or, as non-metals, the 
line # is duplicated as regards these elements. Not only are 
the metals thus grouped together, but all the more strongly 
electro-positive metals (the alkalis and the metals of the alkali- 
earths) are also brought into close proximity at ,the extreme 
left of the table; similarly, the magnetic elements (Fe, Ni, Cc), 

9 * VaricB^pitli the crystalline form, 

t Compare footnote, p. 34G, 
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the best thre^ conductors of heat and electricity (Cu, Ag, Au), 
and so on, are found to be neighbours in the system. 

The periodic system has proved to be of very great service 
in fixing the ratio between the equivalent and the atomic 
weight of an element, and also for correcting or checking 
atomic* weights which might not be trustworthy. Thus the 
determination of the equivalent of beryllium gives E = 4*5, so 
that the atomic weight of the element is nV,. From certain 
resemblances between beryllium and aluminium it was at first 
thought that the former, like the latter, must be a terva- 
lent element, in which case « = 3, and thy atomic weight of 
beryllium would be 1 3*5. But there was no place in the 
periodic system for an element of atomic weight 13*5 between 
cajbon (at. wt. 12) and nitrogen (at. wt. 14). On the other 
hand® there was a vacancy between lithium (at. wt. 7) and 
boron (at. wt. 11). It was concluded, for this reason alone, 
that beryllium must be a bivalent metal of atomic weight 9. % 
Subsequently the vapour density of beryllium chloride was 
determined, and it was found that the molecular formula of 
this chloride is BeCl.j ; this result proved that the element is 
bivalent, that its atomic weight is 9, and that the deduction 
based on the periodic system was a sound one. 

Similar arguments were applied in fixing the relation be> 
twcon the equivalent and the atomic weight in the cases of 
Indium, uranium, and several other elements. 

As an instance of -the usefulness of the periodic system for 
the correction of atomic weights, the cases of osmium, iridium, 
and platinum (Family VI IT.) may he mentioned. The earlier 
determinations gave Ft — 187*4, Ir=198, Os = 199*7; tut 
when placed in the periodic system in this order platinum 
and osmium did not show relationships in conformity with 
the system. Hence now atomic 'weight determinations were 
.made, wtyh the result that the order became Os = 191, 
Ir=193, Ft = 195, an order wliich brought all the elements 
into more suitable positions. ^ * 

At the present time there are two g elements * to which 
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positions strictly in accordance with their atomic weights 
cannot be assigned. Tellurium and argon appear to have 
atomic weights greater than those of iodine and potassium 
respectively, and therefore should follow and not (as printed) 
in the chart) precede the elements last named. But if tel- 
lurium were put after iodine, and argon after potassium, • 
all these four elements would he pushed into families in 
which, obviously, they would be completely out of place. 
For these reasons many determinations of the* atomic 
weight of tellurium have been undertaken, but so far the 
value remains higher than that of iodine, and no satisfactory 
explanation of this anomaly has been advanced. The case 
of argon has not been so fully examined. 

Since all the properties of an clement depend on Jhe 
magnitude of the atomic weight of the element, \vhich 
magnitude determines the position of the element in the 
periodic system, it follows that the properties of an element 
may be predicted from its atomic weight. Now in the 
chart- many gaps or vacant spaces have been left for reasons 
already stated, and it has been mentioned that these gaps 
may be ultimately Idled by hitherto undiscovered elements. 
In 1871 there were several more gaps in the table than there 
j^are at present, and in order to test the value of the ‘periodic 
law' Memleleeff predicted the properties of some of these 
unknown elements. One case showing the extraordinary 
accuracy of his predictions may be given. Just before arsenic 
(As, 75), in the place now filled by germanium (Ge, 72), there 
was then a gap. Mendeleeff predicted that the element 
which should fill that gap (and which he .called elcasiUcon) 
would have an atomic weight of nearly 72; that it would 
form a higher oxide, X0 2 , and a lower oxide, XO ; a liquid 
chloride, XC1 4 , which would boil at about 90° and have a 
3p. gr. about T9 ; the sp. gr. of X would be aboqt 5 # 5, and, 
that of X0 2 about 4*7. 1 

* In 1886 the metal n^v called germanium was discovered 
by Winkler. Its atomic weight was found to be 72’3 ; it 
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forms an oxide, Ge0 2 , an oxide, GeO, and a liquid chloride 
which boils at 86°, and has a sp. gr. 1*89; the sp. gr. of Ge 
is 5*47, and that of Ge0 2 4*7. These and other properties 
of the element discovered by Winkler proved it to be 
McndeleofTs' * cka-silicon,* and the generalisation known as 
the periodic law was thus proved to be a most important 
advance in knowledge. 

• True Atomic Volume Curve. 

The regular and periodic change in the valencies of the 
elements as their atomic weights increase may be taken as an 
example of what is observed when any other property of the 
elements is studied. As a further instance, the specific 
^•a^jties of the elements in the solid or liquid state may be 
considered.* The following data, relating to the elements 
of the first long period, clearly show that the specific gravity^ 
gradually rises from a minimum at the beginning of the long 
period to a maximum (at Cu), and then gradually falls to a 
minimum at the end of the long period : 


Ar 

K 

Ca 

Sc 

Ti 

V 

Cr 

Mn 

Fe 

— 

0-87 

1-6 

2*5 

3-6 

5*5 

6*7 

7% 

7-8 

Ni 

Co 

Cu 

Zn 

Ga 

Ge 

As 

So 

Ilr 

8-7 

8-6 

8-8 

71 

6*0 

5*5 

5*6 

4-8 

31 


Instead of the specific gravity (the relative weight of unit 
volume), the reciprocal of this value, or the specific volume 
(the relative volume occupied by unit weight), may be studied 
with, of course, similar result's ; hut the periodic variation is 
much more clearly brought out by considering the (relative) 
atomic volumes of the elements. The atomic volume is the 

* It should he noted that the specific gravity depends not only on 
the temperature, but mny also vary very considerably with the mechanical 
treatment and method of preparation of the element; as the given values 
refer to different temperatures, and as the physical conditions of the 
elements may not be strictly comparablc^slight irregularities are only^o 
be expeoted. * _ • 
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volume in c.c. occupied by the gram-atom of an element, 

and -At.Vol. = ^ ^ ^ ; the atomic volumes, therefore’ re- 
ap. gr. 

present the relative volumes occupied by the atoms of the 
elements in the solid or liquid state. * 

If, the atomic weights being taken as abscissae and the atomic . 
volumes as ordinates, a curve is drawn in the usual manner, 
this curve (the atomic volume curve) brings out the periodic 
variation of the properties of the elements in a most striking 
way. 

The curve is given at the end of this volume, and its 
careful examination will prove a most interesting study. 
Among the many important relationships which are thus 
revealed the following may he particularly noted : 

Each of the first two U-shaped sections of the Qurte 
corresponds with one of the short periods, while each of 
the following sections corresponds with one of the long 
periods; the 4 missing ’ portion of the enrvo following Ce 
may be continued in imagination to Ta in a form similar 
to the corresponding portion of the preceding complete 
section, and in like manner the 4 missing ' portion following 
Bi may he imagined as rapidly rising to a maximum before 
it falls again to Ra. 

• Elements which are closely related in properties occupy 
corresponding positions on the curve. Id, N n, X, Rb, Cs,. 
all occupy the maxima. F, Cl, T*r, I, all occupy ascending 
portions immediately before the maxima. The electro positive 
elements (i.e. the metals) follow one another without a break 
froqi the maxima until some distance past the minima; the 
electro-negative elements (i.e. the non-metals) follow one 
another on the rapidly ascending portions of tl*a sections. 
The chemical activity of an element is closely related to its 
atomic volume; those elements having large atomic volumes 
are, so far as comparisons can he made, more active than * 
t^osc having small atomic volumes. 

The periodic change if the properties of the elements as 

l 
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the atomic weights increase is in many respects similar to 
the periodic change, with increasing molecular weight, in the 
properties of the compounds of various homologous series. 
Thus in the case of the following substances— and the list 
could be greatly extended — similar properties recur at definite 
periods, and the whole arrangement recalls that of the periods 
of the elements : 

CH 4 TICHO OIIpOH ITCOOII (CH 3 ) 2 () (CH.UCO 

cyi e cn,0H0 c 2 ti 5 oh ch 3 cooti (c 2 ti 5 ) 2 o (C 2 H r> ) 2 oo 

It is conceivable, therefore, that the present elements, like 
the above compounds, are all composed of a relatively small 
number of cl liferent forms of matter, possibly even of one only. 

Such a view was put forward as long ago as 1816 by Front, 
who suggested that the elements might all he composed of 
hydrogen matter (Front's hypothesis), in which case their 
atomic weights should all be simple multiples of that of 
hydrogen ; but the actual values of the atomic weights of m 
many elements, some of which have been determined with 
great accuracy, do not admit of this possibility. 

Nevertheless it is still conceivable that all the elements 
may have originated from one form of matter, and the 
wonderful facts which have been brought to light by the 
discovery of the radio-active 1 elements * lend strong support* 
to such a conclusion. 


CHAPTER L X I V. 

.Radio-Activity. 

% In 1896* almost immediately after the discovery of the 
Rontgen- or X-rays, the study of certain fluorescent substances, 
more especially certain salts of uranium, led Becquerel to the 
detection of another kind of radiation.* He found that all 

* The important work of Crookes and olhers preceding this discovery 
cannot be described here. * * * 
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uranium salts had a pronounced action on a photographic 
plate even when they were separated from this plate by thin 
sheets of metal. This property is known as radio-activity. 

The radio-active uranium salts had further the remarkable t 
property of enormously increasing the electrical conductivity 
of air, so that when they were brought into the vicinity of ■ 
a charged gold -leaf electroscope, the charge immediately 
escaped and the leaves fell together. 

Shortly after Becquercl’s discovery, Mme. Curie found that 
thorium compounds likewise possessed radio-activity. Further, 
that several ores of uranium, notably the pitch-blendes, were 
far more radio-active than the most active uranium compound, 
or even than uranium itself. From this most important 
fact she concluded that radio activity was not a property of 
uranium or of its salts, but of some new element whi<fn was 
contained in those substances as impurity. 

M. ami Mme. Curie were then led to attempt the isolation 
of this unknown element from pitch -blende, a mineral which, 
in addition to oxides of uranium, contains barium, bismuth, 
and a large number of other elements (some twenty or more) 
in a combined form. By suitable processes, they obtained 
from this mineral a strongly radio-active preparation of a 
bismuth compound, which they called ‘ radio-active bismuth,' 
and a strongly radio-active preparation of a barium compound, 
which they called ‘radio-active barium. 7 From the latter 
they ultimately isolated a salt of a new ‘ element, 7 radium, 
and from the former, hut not in a state of purity, a salt of a 
new ‘ element, 7 polonium. 

The quantity of radium obtained from, a rich sample of 
pitchblende is only about 1 part from 10 millions of the 
ore, and that of polonium about - 5 of this amoitnt. # 

Radium, Ra, at. wt. 226*4, has hitherto been isolated in 
the pure state only in the form of radium chloride, RaCl a , 
and the corresponding bromide , RaBr 2 . Only a few grams o? 
these salts have been p#,pared up to the present time (1910) f 
and their price is Sfverol thousand pounds sterling. 
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The ordinary chemical properties of radium (if the term 
ordinary can be used in relation to such an extraordinary 
substance) resemble those of barium ; but in addition to these, 
radium, in the form of its salts, si lows others of a most 
astonishing character. 

It decomposes water and many other * stable * compounds, 
converts oxygen into ozone, colourless into red phosphorus, and 
diamond into graphite. It colours glass or porcelain vessels 
in which it is contained, and in fact has an action of some 
kind on nearly all substances, inanimate and animate. 

Its radio-activity (that is to say, its effect on a photographic 
plate) is more than a million times greater than that of any 
uranium compound. Its power of rendering the air a conductor 
(pr of ionisiny the air) is so intense that by this property 
10 - * 2 gram of radium may be detected, a quantity far smaller 
than that which can be detected with the aid of the 
spectroscope in the case of any element (p. 686). * 

Further, a radium salt maintains itself continuously at a 
temperature a few degrees higher than that of its surround- 
ings — that is to say, it continuously generates heat ; the 
quantity of heat which it gives out is actually about 118 
calories per hour per gram of radium. 

The examination of the rays emitted by radium has show® 
that these are of three kinds, which are distinguished as the 
a-, /?-, and y-rays respectively. They all have, hut to different 
extents, the property of rendering luminous and fluorescent 
substances such as barium platinocyanide (p. 713), zinc 
sulphide, and willemitc (zinc silicate).* They differ further 
not only in thei» photographic and ionising effects, but also 
in penetrating power and in the nature and extent to which 
they undergo deviation from their course in a magnetic or 
electrostatic field. 

* This pepper ty is beautifully shown in the spinthariscope, an inexpensive 
instrument devised by Crookes. T$e rays from an almost inconceivably 
small quantity of a radium salt fall on a ween of zinc sulphide, which jp 
then seen to give brilliant momentary flakes of light as it is bombarded 
by the «-rays (helium particles). g 
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The a-rays are most active in causing the ionisation of the 
air. Their photographic action is slight, and they have little 
penetrating power, being completely stopped even by thin 
layers of solids, such as a sheet of paper, as well as by 
liquids and by ’thicker layers (1 inch) of air. They are only 
slightly deflected in a magnetic field, and from thefr be- 
haviour it is concluded that they consist of positively charged 
particles. 

The /2-rays affect a photographic plate very strongly. • They 
have a 100 times greater penetrating power than the a-rays, 
and can pass through thin plates of certain metals. They 
are deflected in a magnetic field to an extent about 1000 
times greater than are the a-rays, and in an opposite direc- 
tion. From their behaviour it is concluded that they consisj 
of negatively charged particles (negative electrons) wlflch, 
according to J. J. Thomson, have a mass only -^xroo 
T>f an atom of hydrogen. 

The y-rays are photographically active, and resemble 
the X-rays. They have a penetrating power 100 times 
greater than that of the /2-rays, and are not completely 
absorbed even by thick sheets of metals — as, for example, by 
a leaden plate 7 cm. in thickness. 

# Radium compounds continuously evolve a radio-active gas 
which is called the radium emanation . This emanation is 
produced in quantities so minute that only about 0G cubic 1 
millimetre (a t X.T. 1\) can be obtained from 1 grain of radium, 
and yet it has been found possible to liquefy the gas 
(Rutherford and Soddy), and to determine its boiling-point, 
freefing-point, and many other physical properties. 

When the radium emanation is first produced it loses 
energy m the form of heat at a greater rate even than does 
an equal weight of radium ; it is also highly radio-active, 
but emits a-rays only. After some time it begins to give 
ft- and y-rays; but the emanation is unstable, and in the 
course of four days its ^tivity is reduced to one-half its 
original valTie, while ft tlie end of a month its radio-active 
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properties % have practically disappeared. The gas which 
then remains contains helium . 

The formation of helium from radium is a fact of profound 
importance, from which it must be concluded that certain 
forms of matter — whether they should be called elements or 
not is merely a question of definition — are capable of under- 
ping spontaneous* ‘decomposition/ although in other respects 
they may be regarded as .elements ; the behaviour of radium, 
and the further facts mentioned below, seem therefore to 
afford strong grounds for believing that even the ordinary 
elements may possibly be trails formed one into another. 

This startling inference is already supported by various 
facts. Uranium, which heretofore was regarded as an ordinary 
element, is capable of undergoing ‘decomposition/ Salts of 
ur.fnium which have been freed from radium do not exhibit 
radio-activity ; when, however, they have been kept for some 
time they again become radio-active owing to the presence (?f 
radium. Uranium, therefore, gives rise to radium, and the 
latter then undergoes change, giving an emanation which 
contains, and gradually passes into, helium. 

These remarkable transformations are by no^ means the 
only ones which occur. From the results of experiments, 
which cannot he described here, it is concluded that varices 
unstable substances are produced successively, not only in 
tbe formation of radium from uranium, but also in the decay 
or ‘decomposition 9 'of the radium emanation. 

Thus the transformation of uranium into radium is 
supposed to occur as follows : 

U ran iu -> Uranium X -> Ionium -> Radium ; 
but in the disintegration of radium the number of inter- 
mediate products, of which polonium (p. 730) is one, is 
believed to be much greater ; this is expressed in the follow- 
ing scheme, in which the simultaneous production of helium 
(a-rays) is indicated by (a) : 

Radium (a) ->■ Emanation (a) -> Bfidiuin A (a) B C 



734 


RADIO-ACTIVITY. 


Radium F is polonium, and polonium itself undergoes further 
change, giving helium and unknown products. 

According to Rutherford, a radio-active substance is one 
which undergoes spontaneous disintegration with liberation 
of energy. This disintegration cannot be hastened or re- 
tarded by any known means ; it leads to the productibn of 
an unstable substance, which in its turn breaks down into 
another, and so on, until finally a radio-mactive and stable 
element is formed. • 

Each of these intermediate products disintegrates at a fixed 
rate, but the rate of change varies enormously with the 
different substances; thus, whereas it is calculated that the 
average life of radium is 2500 years, that of radium A (see 
above) is only about 4 minutes, and that of the emanating 
about 5 days. • 

Two "elements’ in addition to uranium, namely, thorium 
find actinium,* give rise to radio-active substances, and, 
broadly speaking, tbe phenomena observed in the case of 
these elements are analogous to those briefly described in the 
case of uranium. Tt may be noted that uranium, and next 
to it thorium, is the element of highest atomic weight 


Found by Debicmc in pitch -blende. 
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Coball "lance 

70S 



C<j&alt hydroxide 

'•OS 

Davy. .... 

. 404, 000 

Cobalt nitrate . 


Density vaiifmr, determination 

(’obalt, oxides of 

. 70s 

1 ol . ... 

. 371, 373 

Cobalt lulplialr 

. 70S 

' Dewar 

. . (333 

('obalt sulphide 

70S 

Dewai flask . 

. (583 

Coinage 

i!M», or.i 

Dialysis 

. 325 

Colloidal metals 

. 32S 

Diaspor.; . 

. 014 

Colloidal ‘solutions 

•■'“I, 

Dielii oniates . . , 

. . 5(tf 

Colloids . 

325 

Dichromic arid 

. 504 

.(‘our, ilex acids and s 

r . mm 

; 


Co riMil.i.ili^m, in lln 
hr am 

i.Jn- 

y For eoiupouiiils of copper, see also 

• 3.53 

1 CURIOUS. 
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PACK 

Dfciliqjc acid .* . 

r>s4 

Feme sulphate 

r 7 Z'b 

Dnudium hydrogen phosphate 

041* 

Ferru\\ unities . 

. 705 

Dissociation constant 

»ir» 

Fei rile 

700 

Dissociation, roly tic (ionic) 

385 

Fei ioc> unities . 

. 705 

Dissociation, therm/il 

347 

Fei romunganeso 

„ (503 

Distillation, fractional . 

(5X4 

Fen 011 s umiiK.ii mm stilphafce 

4J1, 703 

Dithimu^ aci J , 

mi 

Fei rous earbonal.e 

. 702 

Di sulphates ..... 

4111 

Fen oils chlo 

. 703 

Disnlphuric acid . . ' • 

403 

Fei ions cluomitc 

. 502 

Dnberemor’s triads .... 

71:. 

Fen ous hydroxide . 

. 703 

Dolomite ..... GW 

008 

Ferrous oxalate 

. 703 

Douhlo salts 

3l2‘J 

Fei rous oxide . 

. 703 

Dillon# aiTti Petit’s law, exceptions 


Fei rous sulpha te 

3J5, 703 

to . . ... 

.180 

Ferrous sulphide 

. 703 

Dumas' method for tlie detei mi na- 


Ferrous tungstate . 

. 513 

tion of vapour density . 

371 

Ferriun redact inn 

. 701 



Fine metal .... 

. (552 

Man de Javelle . 

42» 

Fixation ol atmospheric nitre# 

i . 518 

ELmllioscopic method 

37!! 

Flint 

. 577 

E^a-silicon ... 

7*.!(» 

Fluormo 

. 402 

Elertifhal conductivity of solutions 

301 

Fluorspar .... 

. 401 

Elect.! oly sis .... 



. 5S5 

1? lectioly sis ol :il turn na . 

•ill 

Formula, constitutional, graphic, 

Electrolysis ol potassium finond 

40-1 

structural 

331 

Electrolysis of sodium clilonde 

lii 2 

Fi aunhofer's lines 

088 

Elect! olysis oi sodium hydroxich 

litiS 

Fiee/.ing- point, depression of. 

375 

Electrolytes .... 

3S7 

Fiilniinuting mild 

0(55 

Elements, cla:.silicut 1011 of 

713 

Fulminating silver . 

(.(51 

Elements, electro- negative and el 


Fuming nitric acid . 

520 

tro-positivc .... 

»*0 

Fuming sulphuric acid . 

404 

Elements, radio-active 

72h 

Furnace, blast- . . ' 

(501 

Elements, table of . fBB lout page) 

Furnace, reverbeiatory . 

080 

Emerald 

M!) 


• 

Endothermic compounds 

33S 

flail n ito .... 

or. 

Endothermic reactions . 

33S 

(lalena .... 

003 

Equations, partial . 

4015 

Gallium .... 

037 

Equilibrium, chemical 

347 

Galvanised iron 

020 

Equilibrium, ionic . . . HOI 

3! *3 

Garmeritc . 

70(5 

Equilibrium, physical 

307 

Gases, liquefaction of 

083 

Equilibrium constant 

804 

Gay-Lussac tower . 

4 SO 

Eutect’cs ...... 

M5 

Geisslcr tubes . 

•5X7 

Exothermic compounds*. 

33S 

Germanium . 

084 

Exothermic reactions 

80 S 

Germanium, compounds of 

684 

• 


German sil or . 

707 

Folding's solution 

CTifi 

Glass, action of water on 

. 4(57 

Felspar 

(Ml'* 

Glass, colour of 

440 

Ferric acid 

710 

Glass, etching of 

, 40(» 

ferric alum 

70. 

|Glass, stability of . 

, 833 

Ferric, chloride . 

704 

Glauber salt, solubility of 

. 810 

Ferric hydroxide 

704 

GlovAtower 

. 48* 

Ferric oxide 

703 

Gluctimm 

. 010 

Ferric phosphate 

705 

Gold . * 

. 008 
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Cold, fulmanat.imr 

PAOK 

. i><;r> 

Cold-leaf . . 

no 4 

ColdschmulL's i eduction i.ietlm 

d 

443, 502 701 

Craham . . 

. 3_V. 

i bam -molecule, volume occupi" 

d b> 

the 

. hi! 

Ciapluc formula 1 

. 331 

(huguot's green 

fill 

Culdberg and Waage 

, 3(52 

Cun -metal 

, I'm 1 

Gypsum, solubility of 

. 309 

lie matite 

. <>90 

H.ilnles .... 

3“'!, U.> 

Halogen acids . 

.39' 1, 416 

||.iln"<n acids, heats of foi matioii 

of . . 

. 12b 

Halogen acids, physical pi ope 
•#I 

riM s 

1 25 

Halogens 

. :iuh 

Halogens, physical ptopi ities « 

>f . 421 

1 l.iloid salts 

3'*9, 12', 

ilauipsou's app.iratus 

. nS3 

1 lausmanmte 

. 4 17 

Heat, moleeulai, of i* uses 

34»'», bs4 

Heat, Specific 

. f>S() 

Heat of formation . 

337, 3H 

Heat of neutialisatioii 

.191 

Heat ol reaction 

33'. 

1 leat of solutf.ni 

30S 

Ii* avy spar 

ni.< 

Felium . . f>v 

2, <>M, 733 

Ilc'.s, law of . 

. 344 

liiltorl's pliosphorns 

539 

ilofmann’s metliod f<>i tlm d 

etri - 

iiimation ot vapoui density. 

. *473 

Horn silver . 

40 f, Iwh 

Hydiargyllitc . 

. t>14 

Hy fra/ine . 

. 524 

Ify.^i/me hydrate . 

. 525 

Hydrazine* sulphate . 

. 525 

Hydrazoic acid 

525, 626 

IJvdrazoij^um liydioxide . 

. 525 

flydnodic acid . 

. 423 

Hydrohroiiiic and 

. 421 

llydrochloiic and . 

. -117 

iJydrofluoi ic ucnl 

. 100 

lly Irofluo* •line and 

579 

Hydrogel . 

#327 

hydrogen. comlmiation with 

oxyf 

g-i - 

335 


lTydio</en, occlusion of, l/y palladium 
Il> di oj'en, occlusion of, by plat inn 
If \<ln i^cii anlimouidu 
H.\d logon arsenide . 

Hydrogen bromide . 

Hydrogen chloride . 

Ilvdioiten fluoride . 

1 1 \ d logon iodide 
llvdrogcn iodide, dissociation of Son, 
llvdrogpii iodide, heat of formation 
•>! ... . 

ilydiogen peroxide . 
llvdrogcn pin sulphide 
1 1\ drngeu phosplinh 
H t \ d n >i;eii schmidc . 
ll\droeeu silicide 
H\<lro\ r eil sii]]ihide 
II \ .Ii ■oijuii sulphide, heat of forma 
turn of . . . 

j IT) diogeii tell unde , 

Hydrolysis .... 
Ilydiosol .... 

Uydi oxides, formation of 
llydmxides, type* of 
Hydroxyl-group 
liydroxvlaimne 

Hydroxy lam ini hydiochloi ide .»!! 

1 1 ydroxylaumie phosphate 
Hydroxy lamme sulphate . 521, 

11 ydrox> laminedisitlphonic acid 
Tlypobiomoiis and . 

11 v pocbloiuus at id . . . t*2‘>, 

llypoiodous acid 
llypoml ions and 
1 1 \ pri]>hosphoi ic acid 
IlyiHiphosphoKiii'. acid 
1 1 yp< >sul phu roiis acid 
Hypothesis, ionic dissociation 336, 

Ignition-point, . 

Incandescent h^ht . 

Indientois. . t . 

Indium . 

IntiaiiiolocMilai clian^e 
lodates 
Iodic acid . 

1 1 •die anhydride 
j Jodin© 

[ Jodllie, chlorides of . 
lodiin , estimation of 
Iodine dioxide . 

Ion 


AOK 

711 
7 IS 
5iJ2 
>53 
4IK 

uo 

399 
4JI 
42 3 

331) 

471 

480 

541 

499 

-v„s 

isO 

dl.i 

;,,o 

3*1 

337 

4<>S 

hid 

ms 

‘•21 

624 

‘>‘23 

524 
523 
432 

431 

432 

525 
'.51 
:. r .i • 
482 
392 

333 
nOn 
, :wij 
n!7 
;.7n 
, 437 
43(5 

433 
412 
420 * 
197 
433 
387 
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PAOE 

Ionic* concentration . 

. 39 1 

Ionic dissociation theory 

. 38.-. 

ionic dissociation theory, up plica- 

lions of . • 

. 302 

Ionic equilibrium • . 391* 393. 3“4 

Ionisation, decrees of 

. 391 

lonisaUon of an 

. 731 

Ionium .... 

. 733 

Indium .... 

. 711 

Indium tetrachloride 

. 711 

Iron * . 

. 68'h 701 

Iron, action of si earn on . 

. 3.13, 305 

Iron, black oxide of 

353, 702 

Iron, cast, 093; gal vanise.il 

025; 

gray, 1591; nail lea hie, 69 .’ j 

; me- 

teoric, 0S9 ; passive, 702 ; white. 691 

Iron alum . 

. . 70.’. 

Iron carbonyls . 

. 706 

lion pv rites 

. 690, 705 

ftsodiniorphism , 

. 3*r» 

Isonftric change 

. . 076 

Isomorphism 

. 324 

Isopiilyniorphisiii . , 

. 32.1 

Isotonic nolntioiis . 

. 369 

Jasper .... 

. 577 

Kaimte . • • 

. . 619 

Kalkstiekstoir . 

. . 51“ 

Kassner s process 

. . 602 

Kelp 

. 413 

K ninny ore 

. 090 

Kiesoritc .... 

, . 619 

Kuchhoff .... 

. . 087 

Krypton .... 

. ' 682, 084 

Kupfernickel . . . 

. . 700 

Landsberger’s apparatus . 

. . 381 

Lanthanum 

. 018 

T/apis In/uli 

. 017 

Law. the periodic . 4 . 

. 713,715 

I «aw of ci ystallography . 

. 317, 319 

Law of Imloii^ anti Petit 

. 580 

Law of (riPdhcrg and Wauge 

. 302 

Law of Iless 

. 344 

Law of mass action . 

. 302 

Law of Mitscherlieh 

. 325 

Law of octanes . 

. 71* 

Law of van’t Uotf . 

. 370 

* For compounds of iron 

. see also 


ferrous , ferric. 


Lead ..... 

. 

PAOI'" 

. 693 

Lead, ml, 603 ; white 



600 

Lead acetal 0 , basic . 



009 

Lead-acetate papers ^ 



180 

Lead bromide . 



599 

Lead carbonate *. 



59“ 

Lead carbonate, basic 



600 

Lead chloride . 



599 

Lead chromate. 

Lead chromite . 

Lead dioxide . 



509 

510 
601 

Lead hydroxide 



599 

Lead iodide 



599 

Lead monoxide. 



598 

Lead nitrate 



003 

Lead peroxide . 



601 

Lead .sc.xqui«\'idc 



003 

Lead suboxide . 



003 

Lead sulphate . 



599 

I>atl sulphide . 


593 

699 

Lead tetracetate 



002 

Isjiid tctrachloiidc . 



602 

Leaden chamber process. 



48# 

Le Cliateliei’s mle . 



357 

Linde's apparatus . 



083 

Liquation . 



587 

Liquefaction of gases 



683 

Liquid air. 


683, 684 

Litharge .... 



598 

Lithium .... 



067 

Lit, liium carbonate . * 



067 

Lithium chloride 



667 

Lithium hydroxide , 



0#7 

Lithium phosphate , 



607 

Lithium urate . 



667 

Lodestono 



690 

Lunge .... 



480 

Magnesia, 621 ; Magnesia alba 


623 

Magnesia mixture . 

. 


650 

Magnesium . 

. 

♦ 

619 

Magnesium ammonium arsenate 


558 

Magnesium ammonium phosphate . 

550 

Magnesium boride . 

• 


609 

Magnesium carbonate 



022 

Magnesium chloride 



622 

Magnesium hydroxide 



621 

Magnesium metal 11 in mate 



615 

Magnesium nitrate . 



622 

Mamesiuin nitride . 



it 7 

Mtigimsiuui oxide 
Magm'snim^pyroarseiiate 



621 
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PAOl! 

Magnesium pyrophosphate . 640, 660 i 

Mctauric acid ... 

. .. 665 

Magnesium silicidn . 

. . . 677 

Mctliyloraiige . . 

. , 395 

Magnesium sulphate 

. 022 

Meyer, L 

. . 715 

Magnesium sulphide 

. 020 

Meyer’s, V., method for the deter- 

Magnetite . 

. 090 

mination <d vapour density . . 371 

Malachite . 

. 060 

Mica 

584 

Malleable iron . 

. 095, O' Hi, 699 

Micrucosiriic salt 

• , . 548 

Mangauates 

. . . 449 

Minpial green . 

. . 556 

Manganese 

. . . 4t3 

Mispickel .... 

. . 552 

Manganese dioxide . 

. 440 

Milsclicrlich's law . 

. 325 

Manganese lieptoude 

. . . 450 

Mi assail .... 

. 402 

Manganic chloride . 

. . . 4 IS 

Moleculai compound 

385 

Manganic hydroxide 

. 44K 

Molecular couceiitialion . 

* 365. 363 

Manganic sulphate . 

. . US 

Molecular depression 

. 876 

Mangumte 

. . . 419 

Molecular elevation . 

. 38 1 

Man gan lies 

. 1 15 

Molecular heat of gases . 

. 316,681 

Manganous acid 

. . . 415 

Molecular weight, determination ol 370 

Manganous cm bonate 

. H5 

Molecular weights, ‘abnormal' 3Si> 

Manganous chloride 

. 444 

Molecules, atomicity of . 

. 383, 685 

Manganous by dioxide 

. 114 

Molybdenite 

. J*3 

Manganous oxide 

. 415 

Molybdenum . 

*. 513 

Manganous sulphate 

. 445 

Molybdenum carbonyl 

, 707 

r Manganous sulphide 

. 415 

Molybdic and . 

513 

Marsh’s test 

. . 664, 502 

Molj hdic anhydi ide 

. 513 

Martensite 

, 701 

Monasrite sand . 

- 005 

Mass, active 

. SIB 

Morley .... 

467 

Mass action 

. . . .‘102 

Mortar .... 

. 039 

Massicot . 

. . . 60S 

Muntz metal . , . 

. 054 

Matches . 

. . . 510 



Matte 

. . . 594 

Nascent state . 

, . 340 

Meerschaum * . 

. . . 019 

Natural family. 

. 426 

MeudeJeef. 

. . 715, 7.9 » 

Neon 

. 082. 0S4 

‘Mercun-ammomimi chli 

•rule . , 032 

Nei nst lain]; . . . 

. . 600 

Mercuric chloride . 

. . . 032 , 

Nesslei’s solution , 

. . 633 

Mercuric iodide 

. . . 033 

Ncwlands .... 

• • "1 5. 

Mercuric nitrate 

. . . 031 ! 

Nickel . . 

- . 705 

Mercuric oxide . 

. . . <>3 1 i 

Nickel arsenide 

. 705 

Mercuric sulphate . 

. . . 032 1 

Nickel carbonyl 

. 700 

Mercuric sulphide . 

. 033 | 

Nickel cyanide . 

. 709 

Mercurous cliloi ide . 

. . . 036 | 

Nickel hydroxide 

. . 707 

MerCurous iodide 

. . . 030 j 

Nickel, oxides of 

. 707 

Mercurous nitrate . 

. 034 | 

Nickel sulphate ( 

. 707 

Mercurous oxide 

• . .1 1.45 

Nickel sulphide 

. 707 

Mercury . 

. . . 628 

Niobium J 

. 571 

Metaboric acid . 

. . . 60S 

Nitrates .... 

530, 581 , 532 

Metals 

. . . 714 

Nitric acid 

. 529 

Metalumimc acid 

. 614, 015 

Nitric acid, constitution of 

583 

Metaphosphoi ic acid 

. . . 547 

t Nitric arid reduction products of . f>30« 

Metarseuio acid 

. 557 

Nitric oxide 

. 531,532 

^etasilicic a< id 

. 325, r,/, 682 

Nitrides . . . 517, 

605, 609, 63R 

MeUstable condition 

. j. 313 j 

Nitrites . 

. 627 

Meta*' annie acid 

AM, 592 1 

Nitrogen .... 

. .614 
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Nitrogen, atmospheric, nt 


lisation of 518 Palladium, occlusion of hydrdfcen by 71 1 


Nitrogen cliloud*} 


. 521 

Parke’s process 


504 

Nit.iogen dioxide 


. 350 

Partial equations 


406 

Nitrogen iodide 


521 

Passivity of iron 


702 

Nitrogen tetroxide, dissociation 

Pattinson'.s ptocess . 


505 

of .... 


350, 365 

Percartsmie acid J 


576 

Nilrogey trioxide 


• «)>j f 

Pcicliloric acid . 


438 

Nitrolini . 


. 510 

Perchlouc anhydride 


430 

Nitrometer 


470, 53 J 

Pcicliiomic acid 


474 

N it rosy 1 chloride 


. ■ r »° s 

Pcrdisulpliui ic acid . 


405 

NiLrosylsulphuric acid 


486, 52s 

Periodic acid 


430 

Nitrous acid 

. 

. 52 1 

Periodic system 


713 

Nitrous »&ido . 


52! » 

Permanganates 


440 

Nitiyl chloriilc. 


. 532 

Permanganic acul . 

451, 

455 

Nonienclatiirc of acids and 

salts 

- 

Pei manganic anh\drule . 


450 


1 1I, 

170, M.s 

Pei oxides .... 


450 

Non-cloctrolyt.cs 


. 387 

Persulplim ic acul 


405 

Non-metals 


. 71 1 

Pewter .... 


580 

Nord hausen sniplmne acid 


. 40 1 

Plliu kcr tubes . 


687 

• 



PlieuoliiliUialcin 


306 

Occliftiou .... 


711, 713 

Phosphates 


54S 

Octin es, law of 


71 > 

Phosplniic 


541 

Oil of \ ibriol 


487, 401 

Pliospliomulybdic acid 


550* 

( ) ] >al ..... 


. 577 

Phosphonium iodide 


541 

opcn-hcaith process 


. trf>8 

Phosphoi -hi ouzc 


654 

Orpinieut 


. 572 

Phosphoi ic acid 

547, 

574 

OMhoboric acid 


. MIT 

Phosphoric anhydride 


546 

Orthocar In »n ic acid . 


. not 

Phosphorite 


531 

O'tlmclasc 


584, M>n 

Phosphorous acul 

551, 

57 5 

Oi thophosphoric acid 


. 547 

Phosphorous anliydtule . 


546 

Orthoxdunihic acid . 


002, 003 

Phosphorus . • 


534 

Orthosilicic acul 


. 5.82 

Phosphoi us, colourless, 537 ; 

Hit- 


Orthostanuie acid . 


501, 001 

toil’s, 530; metallic, 530; r 

d . 

535 

Osmic acid 


711 

Phosphoi us oxyhroimde . 


545 

Osmium , 


. 710 

Phosphorus oxychloride . 


545 

‘Osmium, compounds of . 


. 7 i l 

Phosphorus pcntahroinidc 


545 

Osmotic jn^ssurn 


. 307 

Phosphorus ]ieutacliloi ide 


544 


Oxalic acid, oxidation ol 
Oxidation - 

407, 435, 451, 162, 173, 47S, 501 
Oxides 

Oxides, highest salt ioifmng 
Oxides of the halogens 
Oxono . •. 

Oxygen 457, 

Oxygen, eomnuiatam wtli hxdrogen 
* Oxygen standard of atomic weights 
# Oxy-hnlogen acids .... 
Ozone . * 

Pa 1 Indium 

fe ralladimn, coni pounds 0*. 


(571 
4 ill 
7-2 
420 
(572 

500 

:t:r. 

Inn 

420^ 

4(il 

711 | 

m i 


Phosphorus pentuchloi ide 
tion of , 

Phosphorus pentafluoride 
Phosphorus pent oxide 
Phosphorus tetrnxule 
Phosphorus tn bromide 
Phosphorus ti ichloi ide 
Phosphorus trifluoride 
Phosphorus tri-iodide 
Pliospliorus trioxide 
Photography . 

Physical change 
PiK : \n . 

Pi tell -blende 
riasnwlysis # . 


dissocia 


306 

545 

546 
540 

544 

543 

545 

544 
. MO 
. (iC2 
. 307 

600, 693 
513, 730 
. 369 
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Platmic cliloruln 

. 712 

Potassium monoxide 4 . 


. m 

Plutimc hydroxidi . 

. 713 

Potassium nitrile . 


'. 527 

Platmocyanides 

. 713 

Potassium, oxides ol 


. 677 

Platmous chloride . 

. 713 

Potassium pci chlorate - 


. i:is 

Platinum. . • . 

. 712 

Potassium peroxide 


. 877 

Platinum black, 712 , sponge 

. 712 

Potassium permanganate . 


450 

Plumbates .... 

. <*IJ2 

Potassium pei-i utlienale 


. 710 

Plumbic acid .... 

. (503 

Potassium persulphate . 

• 

. 495 

Poling of copper 

. 653 

Potassium platimchloridc 


. 978 

Polonium 

. 73(1 

Potassium platmoc) auidc 


. 713 

Polymeride .... 

. 583 

Potassi urn py roa u ti iiioi late 


505 

Polymerisation. 

. 583 

Potassium selenate . 


. 325 

Polysilicic acids 

. 584 

Potassium silicate . 

0 

*570 

Potash, caustic 

. (.77 

Potassium sulphate 


. 325 

Potash alum . . 322, 324, 016 

Potassium thio-arsemte 


. 508 

Potassium .... 

. 075 

Potassium thiosulphate 


. 498 

Potassium alurniuiuiii sulphate- 

- 

Pressure, osmotic 


307 

322, 324, lilO 

Pioteids . 


514 

Potassium an tmiunate . 

. 505 

l’routh hypothesis 


729 

Potassium antimoiiyl tartrate 

. 504 

Prussian blue . 


705 

Potassium arsenate . 

. 558 

lVud« .-solutions 


t &7 

Potassium ammite 

. 550 

Puddling process 


09*. 

Potassium annchluridc . 

. (5(55 

Pyrites, coppci 


. (550 

Potassium auroeyaiiide . 

. 0(5.1 

Pyrites, iron 


«KI, 705 

Potassium bromatc . 

. 433 

Pvroarsenic acid 


557 

Potassium bromide . 

. (578 

P> i oboric acid . 


008 

Potassium carbonate 

. (577 

Pyroliisite 


. 143 

Potassium chlorate . 

. 434 

Pyrophosphorie acid 


547, 560 

Potassium chloride . 

404, 070 

Pyrosulphate-, . 


191 

Potassium chromate 

502, 509 




Potassium cobalticyaiiide 

. 709 

Quartz . , 


. 577 

Potassium cohaltnutrite. 

709 

Quicksilver . , 


. (528 

Potassium cobaltocyamde 

. 708 




Potassium cyanide , 

. (579 

i Radio-activity 


. 729 

Potassium dichroinale . 

503, 504 

I Radium .... 


730 

Potassium ferrate . 

. 710 

i Itadium emanation . 


. 732 « 

Potassium ferricyanido . 

. 705 

; Ramsay .... 


(5S1, 082 

Potassium ferrocyanide 

. 705 

I Raoirft 


. 375 

Potassium fluoride . 

. 402 

Rayleigh 

, 

, (.SI 

Potassium ftuosilicate 

. 579 

Reaction velocity . 


. 33 4 

Potassium hydrogen fluoride . 

. 102 

i Reactions, balanced 


. 351 

Potiftsiimi hydrogen tartrate . 

. 078 

i Reactions, reversible 


335, 354 

Potassium hydro vide 

. 077 

; Reactions between ions . 


. 392 

Potassium hypobromitc . 

. 430 

Realgar .... 


. 652 

J’otassjiiifl hvpochioiite . 
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lied copper ore . 


. 050 

Potassium hypoiodite 
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Red fuming nitric and . 
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Polassimu hypophospliite 

. 541 

Red zinc oie . 


. 023 

Potassium iodatc . 

, 433 

Red-lead . 


. 003 

Potassium iodide . 
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•induction. 

c.341 

180, 481 

Potassium maiiganate 

.. 449 

Reverberatory furnace 


. 5S<5 

Hctassinm mercuric iodide 

/’ ‘533 

Re\ erRible reactions 
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Potassium meiantimounte 
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Rhodium . 
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Rochelle salt • 
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Silver, oxidised 
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> 000 

Rock-crystal 
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Silver, spitting of , „ 
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Rontgon rays 
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Silver autimomde 


. 5oy 

Rose’s metal 
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Silver arsenate . 


. .658 

Rouge . 

. 401 , 703 

Silver azoiumhi 


. .61*1 » 

Rubidium . • . 

. . 07'.* 

Sihci bromide . r 
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Ruby 

1 

Silver eli loride . 


. Mil 

Ruby sulphur . 

. 550 

Si her chromate 


. 50W 

Rusting of iron 

. 702 

Silver fluoride . 
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Ruthenium 
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Silver glance 


. 06S 

Rutheniiini, compounds of 
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Sihei hydioxide 


. 000 

Rutherford 

. 732, 7:H 

Silver hypumtrito 
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Rutile '• . , . 
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Siheriodate 
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Silvei iodide 
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Baltin^ out 
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Silver metaplioxphttte 
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Silxer oxide 


. 000 

Salts, and 

482, 101, 548 
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. 5io 

Silver pci awhile 


. 43', » 

Salts, complex . 

Ml 

Silver peroxide 


402, 661 

Salts, double 

3-22 

Silver ph jsphate. 


. 541) 

Sapphire . 

. . id .7 

Silver potassium cyanide 


Mi‘2 

Saturated solutions 

. 80s 

Slivtti sodium thiosulphate 


408, 0(»2 

Saturated solutions ol clccti 
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Slag 
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Scandium ... 

. 018 

Slag, blast- furnace . 
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Scheele’s gieen 

. rr,o 

Slag- wool .... 


. M»4 

Schi hi belli .... 

. 401 

Soaps .... 
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Selcnic acid 
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Soda, caustic 


. 07-2 

Selemons acid . 

. 100 

Sodamide , 


. 521 

Selenium .... 

. 400 

Noddy 


. 732 

Si Ionium dioxide 

. 100 

Sodium 


. 007 

Seim-permeable partitions 

. 3(‘>7 

Sodium alummate . <» 


. 013 

Shot-metal 

. 597 

Sodium amalgam 


, 070 

Sidcrite .... 

. 800 

Sodium ammonium phosphate . 

534, 648 

Siemens-Martin process . 

. 090 

Sodium arsenate 


558 

Silica .... 

. 581 

Sodium arspuitc 


560 

• Hilicane .... 

. 578 

Sodium aunchlonde 


. 005 

Silicates .... 

682, .'.84 

Sodium bromate 


. 433 

Silicic acid 

670, 582, >4 

Sodium chlorate 


. 433 

SHicidcs .... 

. 577, .681 

Sodium chloride 


. 073 

Silicon „ 

. .677 

Sodium chloride, colloidal 


. 328 

Silicon carbide . 

. 6K1 

Sodium chi ornate 


5^, 60S 

Silicon chloroform . • . 

.681 

Sodium fluoride 


. 402 

Hilicor dioxide . 

. Ml 

Sodium hydride 


. 72 1 

Silicon lijdrii^ 

. .678 

Sodium hydrogen sulphate 

& 

. IDL 

Silicon nitride . 

. .681 

Sodium livliogi’ii sulphite 


. 182 

Silicon tetrui’hloiidc 

. .680 

Sodium hvdioj.cn taitmte 


. 078 

Silicon letrafluorulc . 

. 578 

Sodium hydioxule 


, 07*2 

SilJco-orthofoinuc apid 

r . 5SL 

Sodium h\]iosulpliitc 


, 4t*o 

Silico-orthoMnuic anhydride . . Ml 

Sodium lodato . . 


433 

Silver 

. 8.68 

Sordini inn n gun ate . 

. 
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Silver, fulminating 

. MU 

I Sodium nictaphosphate . 


. *7 

Silver, molecular 

. to >*2 

1 Sodiijn mctjcuheate 
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l>AOH 


•Sodium piielmst, annate 

. 5S9 

St muons hydroxide . f 


5t!d 

Sodium met nil rate 

. r.r. r . 

SlaiilloilS oxide 


590 

Sodium n it.i ate „ 

41 1, .VJP 

Simmon*, sulphide . 


592 

•Sodium nil- rite . 

. 5:*7 

H,arch-potas.siiim-io<Jide papers 


410 

Sodium, oxidos.of 

. 1571 

Sl.-issfurtli deposit. . 


670 

Sodium pei lodatc .• 

. 4:m 

Si ram. action on iron 


353 

Sodium peroxide 

. «»7I 

Steel ... . 005, 696 

699 

Sodium persulphate . 

. itr. 

Stibine . . 


50:2 

Sodium phosphate . 

. 549 

Stibmte 


501 

Sodium platmiohlni ide . 

. 7l*J 

Strong acids and bases . 


:«)i. 

Sodium plumbate. 

MrJ 

Strontiauite 


643 

Sodium pvroantmionate . 

. ’ili’i 

Strontium 


043 

Sodium pyrophosphate . 

. /* Ki 

Strontium carbonate 

• 

*-14 

Sodium silicate . 

325, 582 

Strontium ehloii'le . 


644 

Sodium silver thiosulphali* 

. 4'is 

Strontium dioxide 


647 

Sodium staiinitft 

. 5' Ml 

Sroiitium hydroxide 


u(t4 

Sodium sulphate, solubility ol 

. »m 

Sti on tm in nitrate . 


04 A 

Sodium sulphide 

. i»7 1 

Strontium oxide 


644 

Sodium sulphite 

. 4SI 

•Stioiit.iuii! sulphate . 


045 

Sodium tetratli innate 

. 4«»7 

Strontiimi sulphide . 


643 

Soilmm thiosulphate 

496, 674 

Structural forninla . 


331 

Sodium tungstate. , 

. ;.IB 

Structure, chemical 


339 

Judder 

. f.SJI 

Sulphates 


491 

Solid solutions . 

. 323 

Sulphites 


481 

Solubility curves 

aw, 3i i 

Sulphur .... 


478 

Solubility product . 

. 3' Ml 

Kulphui, chlorides of 


470 

Solutions, boiling-points ot 

. :j?» 

Sulphur, dissociation of . 


3/d 

Solutions, conductivity of 

. :i'M 

Sulphur dioxide 


4 n 

Solutions, nquilibiiuiu .n. 

. 85S 

Sulphur dioxide, ljeat ol formation 


Solutions, fice/ing-points of 

375 

of ... 
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'solutions, saturated 

. aw 

Sulphur heptoxide . 


4RJ 

Solutions, solid 

. 323 

Sulphur trioxide 


4C3 

Solutions, super satin atcd 

312, 497 

Sulphuric acid .... 


48H 

Soibite .... 

. 701 

Sulphuric acicJ, di-, 498 ; per-, 

495 , 


spathic ii on ore 

. 090 

pyro- . . - 


405 

Speei lie. heats, abnonnal . 

. 5 so 

Sulphuric acid, conM itiitinn < .F 


402 • 

Speei lie volume 

. 727 

Sulphuric acid, (liming . 


404 

Spectrum analysis 

k liN5 

Sulphuric acid, Nordhausen . 


404 

Specular iron me 

. litHl 

Sulphurous acid 


481 

Speed of reaction 

an. 355 

Sulphurous anhydride 
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Speissgolialt 

. 70- ; 

Sulphurous cliloi idi. 


483 

Spin nthariscopc 

. 7::i j 

Sulpliiir\l cliloi i.bi . 


402 

Spiegeleison 

tm OUS 

Superphosphate of lime . 
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ttylvine . . . . • o 
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Spitting of silver 
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Stable, meaning of term . 

. 333 

Tait 


Stannic acid 

. 591 

Tale . ... . ■ . 


a o 

Stannic chloride 

. 5<H) 

^.ntalum 


571 

Stannic, livdi oxide . 

. 501 

Tartai emetic . . . •. 


564 * 

Stannic oxide 

.fxi 

Telluric acid .... 
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Stannic sulphide 
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Telluric anhydride . 
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Stannous chloride 
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Tellurious acid , 
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Tellurium ^ 

PAf’K 

. r,uo 

Varec 



HAUK 

. 413 

To 11 mi urn dioxub . 

. 500 

Velocity coeHieient . 


• 

331, 303 

Tempering of steel . 

. Too 

Velocity ol reaction . 



331, 355 

Totra boric acid 

007, 008 

Venetian red . 



. hit 

Tetrath ionic acid 

. 40S 

Veidignx . 



. 4» r t J 

Thallium . 

. 01 8 

Vermilion . 



. 1534 

Thallous chloride 

. r.is 

\ itriol, bine . *. 



. 325 

Tliallo^s hydroxide . . . 

. OIK 

Vitriol, green . 



. 325 

Thenard 

. *171 

Vitiiol, oil ol . 



487, 4‘>4 

Thermal dissociation 

. * :M7 

\ itnol, while . 



. o 27 

Thermite 

. 704 

Vitriol stone 



. 41M 

Thermochemistry . 

337, 3 1 1 

Wduine, atomic 



. 727 

Thiu-anti mount os 

. ,‘ihS 

Volume, spec die 



7 27 

Tlno auttmomles 

Tlim-nisonates .... 

. il ».S 

, .’*• M 

Water 



335, 467 

Tlito-arscnilcs .... 

. 

W.’.ter, as a catalyst . 



. 3 10 

Tlnomc acids .... 

. tos 

Walci, clialybeate . 



. r.'io 

Tlnonyl cliloi ide 

. -Kt 

Water, eouduetivit\ 



. U*s 

Tliio-Mtamiati's .... 

. .V.iJ 

Wat ci, heat of loim.il.ioii ol 


31 3 Pi 

Thio-sulpbnne acid . 

. *100 

Watei -glass 



*,s.» 

Thomas and ililchiist process 
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Thuftas .slag .... 

. 1)0, s 
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lai 1 

•1 . 
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Tlionison, >1. •). ... 
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Weldon’s process 




Thorium 

. 00fi 

Welsbach mantles . 



. 001 i 

Tin * 

. 585 

Willcimte . 



. 731 

Tin-plate 

. f»SS 

Wit.herite . 



. 015 

Tin -stone 

. f.S!i 

White-lead 



. (‘.INI 

Tincal 

, i*07 

White piecipitaU 



. 032 

Titanium 

. 005 

Wlutwell st.o\e. 



. 00. > 

Tombac 

. r.f)4 

Woliram . 
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Tiifiuz 
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Wood’.*: metal . 
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Wroiiglit-iron . 
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Tungsten . 
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Typo metal .... 
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Yttrium 
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Ultramarine .... 

. 017 

Zinc . 
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Unstable, meaning <d term 
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Zinc-blonde 
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Uranium 

513, 733 

| Zinc carbonate. 
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Uianyl acetate . 
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! Zinc chloride . 
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Zinc hydroxide 
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Vacuum flask . 
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Zinc inola-aliimmaio 
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Valency . . 
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Zinc oxide 
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Vanadium 
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Zinc silicate 
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Van!.] lofTs Law . 
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Zinc sulphate . 
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Vapour density, abnormal 
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Zinc sulphide . 
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Vapour density, determination ol Ml, 373 
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